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ABSTRACT 
Essays on Managing Intuition for Strategic Option Generation 
by 
Tejpavan Singh Gandhok  
 
This dissertation comprises of two essays. The first essay seeks to examine the issue of ‘slow’ 
(i.e. gestation periods over hours, weeks and months) forms of intuition and their complex 
interactions with analytic thinking, especially in the context of breakthrough ideation/ complex 
problem solving.  This exploratory study with qualitative observations with a small set of 
experienced practitioners supports the sparse academic literature in this area that managers do 
rely on long gestation forms of sub-conscious processing and that these forms of thinking 
manifest themselves in different forms with varying degrees of confidence and positive emotion/ 
affect (popularly referred to as ‘hunches’ and ‘insights/ Flash/ Aha moment’). These slower 
intuition forms appear to play an important role in generating breakthrough strategic ideas/ help 
solve complex problems. A key observation from these exploratory inter-actions was that 
perhaps managers’ ability to recognize and use these more complex/ slower intuition forms 
varies widely as do their attitudes and comfort levels with their intuition. This observation led to 
an interest in further testing the hypothesis that perhaps individual differences in managers 
thinking styles especially their comfort with their intuition may have interesting effects which 
come into play to help generate break-through ideas. 
 
I tested this hypothesis further in the quantitative study described in the second essay, where I 
studied Strategic Option Generation, when more time and effort for deliberation and iteration as 
well as corresponding distractions are available. I compared the effect of some popular external 
stimuli Option Generation techniques and the effect of individual differences in preferences for 
analytic vs. intuitive thinking styles on the number of high quality options generated by a sample 
of experienced executives. The most interesting findings from this study are: firstly, that 
although the conventional view typically associates effective strategy formulation with conscious 
analytic thinking, however this study’s findings support the view that perhaps we need to better 
appreciate the role of the intuition end of the cognitive continuum and participants’ ‘Cognitive 
Versatility’ (i.e. their high engagement in both analytic and intuitive thinking styles) for strategic 
option generation.  Secondly there is also some preliminary evidence of an interesting 
interaction effect where the external stimulus option generation technique that is opposite to the 
individual’s preferred thinking style yields better results. Similar conclusions are also reported in 
selected published research regarding the above-mentioned first finding by Gilkey et al, based on 
very different methods using FMRI scans of participants (Gilkey, Caceda, & Kilts, 2010) and the 
second finding by Dane et al which used methods similar to my research (Dane E, 2011). 
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Introduction 
My Motivation for choosing this Dissertation Topic 
In my journey as a strategy consultant and practitioner over 20 years, I was intrigued by the 
significant extent of managerial use of intuition in business practice, which I anecdotally 
observed in my client and colleague interactions; yet in contrast the relatively limited 
organisational use of any systematic, credible guidance in this area for managers. Most formal 
academic management curricula as well as practice-oriented leadership development programs 
tend to focus mainly on conscious thinking techniques, both for decision making and even for so 
called ‘soft skill areas’.  
 
I avidly read with even greater intrigue, the popular practitioner and academic literature in this 
area and the observations and debate amongst the ‘heuristics and biases’ camp that sanguinely 
point out the ‘predictable irrationality’ of human cognitive biases; versus the ‘naturalistic 
decision making’ camp that passionately praise the ‘blink’ like power of expert intuition. 
However, I carefully noted that the popular debate amongst these two camps focused on the 
rapid recall, instantaneous form of intuition, with relatively little to say on the longer gestation 
forms of human sub-conscious processing. Thus this dissertation and its two papers, reflects my 
modest early steps on a ‘pracademic’ journey in a somewhat quixotic (arguably oxymoronic) 
quest to shed more light on issues related to ‘Managing Intuition’. Oxymoronic to the extent that 
one of the more popular definitions of intuition is ‘knowing without knowing how’! Yet I 
consider this a worthwhile pursuit to help provide a more holistic framework to help managers 
better appreciate how different manifestations of sub-conscious and conscious thinking interact 
and play out, including over longer gestation periods. 
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Key Implications 
The findings of these two studies, logically lead to the interesting issue of: can we help managers 
develop intuitive engagement and cognitive versatility? If so how? This appears to be an 
important area for further applied research and curriculum development in Executive Education.  
 
Further, as there do appear to be multiple forms of intuition especially over longer gestation 
periods that are relatively poorly understood, a key implication both for research and practice in 
better ‘Managing Intuition’ is to take a more holistic, approach to the complex interactions 
between the human conscious and sub-conscious thinking systems in various external stimuli and 
especially in longer gestation time contexts, rather than the predominant reductionist academic 
efforts in this direction, which appear to try and study different manifestations of human sub-
conscious processing in isolation. For example, the popular separation in the cognitive 
psychology literature of ‘insight’ instinct’ and ‘intuition’ whilst useful terminology for studying 
these manifestations, may perhaps be missing the bigger point about common learning and 
memory techniques for developing practitioners’ awareness and skills in these areas. Likewise, 
perhaps the popular debate between the ‘NDM’ and ‘cognitive biases’ camps may well be 
because they describe different manifestations of intuition.  Equally importantly, there appears to 
be a case for better understanding not only how to help organizations appropriately correct for 
some of the cognitive biases in the instantaneous form of intuition especially for strategic 
decision making and risk assessments, as suggested by Lovallo et al (Lovallo & Sibony, March 
2010) and (Powell T, 2011), but also ensuring that such interventions do not create undesirable, 
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unintended side effects of damaging managers’ confidence in and use of their wider intuition 
skill sets. In this regard there is also a need to help managers appreciate other aspects of their 
cognitive continuum and how different forms of sub-conscious thinking play out especially over 
longer gestation periods; and help develop credible techniques for strategists to better develop 
their ‘creative cognition/ constructive intuition’ capabilities over longer gestation periods for 
better breakthrough ideation and complex problem solving/ pattern recognition.  
 
There is also room to develop better tools for gauging individual style preferences for different 
types of cognitive processing, as well as more objectively measuring individuals’ progress over 
time in their sub-conscious cognitive processing abilities.  
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Essay 1: Beyond Dual Processing Models – An Exploratory, Study of How Practitioners’ 
use their ‘Cognitive Continuum’ over long incubation periods  
 
Abstract: This paper summarizes the sparse relevant literature and exploratory, qualitative 
observations from around a dozen experienced executives with the objective of probing beyond 
the prevailing dominant theory of “dual processing system” in human cognition and of “intuition 
mainly as rapid pattern recognition memory recall”. In other words, to examine ‘slow’ forms of 
intuition and its complex interactions with analytic thinking.  The two main exploratory 
observations are: firstly, many of the executives interviewed did experience more complex and 
longer gestation forms of intuition (ranging from several weeks to many months) – especially the 
manifestations referred to in popular vocabulary as ‘hunch’ and ‘flash/ Aha/ insight’. Secondly 
managers’ comfort and perhaps ability to use these more complex/ slower intuition forms varies 
significantly, as does their relative engagement in analytic versus intuitive thinking. This 
suggests promise for further research to build on the existing sparse literature in this topic for 
creating a more holistic perspective of different forms of sub-conscious thinking; and more 
applied research on theories and constructs such as ‘constructive/ strategic/ creative intuition’. 
This exploratory effort also helped develop my interest in further testing the hypothesis that 
perhaps individual differences in managers thinking styles may have interesting effects which 
come into play for solving complex/ novel problems under high uncertainty – where a more 
complex pattern matching form of intuition/ brain processing comes into play to help generate 
break-through options. This hypothesis is further tested in the second more quantitative study 
that forms part of this dissertation. 
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Introduction 
 The major focus of business school academic research and teaching as well as prevailing 
practice by leading strategy consulting firms and organizational formal procedures, has largely 
been on ‘hard science like / quantitative’ rational analytics - scientific positivism, reductionist 
thinking and computationally precise analytics. Leaving the application of ‘softer/ qualitative’, 
integrative/ holistic / gestalt thinking, mindfulness, intuition and judgment largely to experienced 
practitioners or the occasional exhortations by respected academics such as Drucker (Drucker, 
1975) and Mintzberg (Mintzberg, 2004) pointing out that there is more to management than 
quantitative analysis and the importance of judgment aided by experience and practice. Although 
pioneers such as Simon propounded “bounded rationality” as early as the 1950s (Simon, 1953),  
significant academic research in this area has mainly gathered momentum over the past three 
decades – yet there appear to be limited formal applications or practical tools to neither 
objectively measure nor explicitly aid managerial intuition in the business world. 
 
Dual Process Models 
While the “Bayesian Rational Choice” “expected utility theory” school is centuries old (Von 
Neumann J, 1947). The Behavioral School has made significant head way in the past few 
decades from the foundation work of Simon (Simon, 1953) and Cyert & March (Cyert, 1963). 
Since this early foundation work on ‘bounded rationality’ (Simon, 1953), researchers such as 
Agor and several others have well established the point that managers in practice do rely 
extensively on use of intuition, although they often do not openly admit to colleagues that they 
used intuition to reach important conclusions (Agor, 1986). Woiceshyn in an inductive study 
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with a selected group of CEOs concluded that more effective CEOs use a combination of 
analytical and intuition processes in an interactive spiral loop (Woiceshyn, 2009).  
Regarding an agreed definition of intuition, the prevailing dominant view of how the human 
brain processes decisions is the “dual process” theory. Epstein and the majority of cognitive 
researchers widely agree that, “humans operate with two broad information-processing systems: 
an experiential system, which is an automatic, associative learning system, and a 
rational/analytic system, which is a verbal reasoning system” (Epstein, 2010).  
 
The Behavioral School’s Two Camps – ‘NDM’ vs. ‘Heuristics and Biases’ 
The ‘Behavioral’ impacts on  Judgment and Decision Making area has received extensive 
scholarly attention and debate, from numerous disciplines including philosophy, quantitative 
sciences, economics, finance, strategy, organization behavior, as well as cognitive psychology 
and neuroscience.  Significant academic research effort has been made in the past few decades 
since the early foundation work on ‘bounded rationality’ (Simon, 1953)  and especially since 
“Heuristics and biases” work (Kahneman & Tversky, 1979) which more recently has been 
popularized through widely read books such as ‘Predictably Irrational’ (Ariely, 2008) and 
“Blink” (Gladwell, 2002), ‘Thinking Fast and Slow’ (Kahneman D. , 2011). 
 
Behavioral Economics has already found several useful applications by practitioners in 
investment finance, public policy and consumer marketing. However the formal application of 
this topic in corporate strategic decision making is still relatively limited. As Powell, Lovallo and 
Fox (Powell T, 2011) point out in their Behavioral Strategy review article, “there remains 
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significant scope for strategy research in explaining firm heterogeneity and superior performance 
to focus on the individual level as a unit of analysis, in addition to the firm and industry levels”. 
Further since the pioneering efforts of Porac and Thomas (Porac & Thomas, 1990) on cognitive 
schema and impact of cognition on strategic groups, “there is more room for greater integration 
of appropriate psychology into strategic management theory” (Powell T, 2011). 
 
The behavioral school itself has two broad camps: the “Cognitive biases/ limitations” camp 
(Kahneman & Tversky, 1979) which points out the potential limitations of intuitive cognitive 
processes, leading to consistent biases vs. the “Rapid Primed Decisions/ Naturalistic” (NDM) 
school (Klein, Characteristics of Skilled Option Generation in Chess, 1995) which marvels at the 
blink like, rapid reactions possible by human decision makers intuition which relies on fast and 
frugal heuristics, exemplified by experts with limited reaction time situations such as fire-men, 
emergency medics, soldiers, chess players, hand-ball players, law enforcement officers etc.   
 
There is extensive literature and debate between the ‘NDM’ versus ‘heuristics and biases’ camps. 
However, the debate between these two camps and the bulk of both academic and practitioner 
literature related to intuition is centered firstly on the rapid recall, instantaneous form of intuition 
and secondly on the dominant view of the dual system theory. Thus there is scope to delve 
further into slower i.e. longer gestation forms of sub-conscious thinking and its interactions with 
conscious forms of thinking. 
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There is also significant additional debate both about the validity of the Kahneman & Tversky 
(Kahneman & Tversky, 1979) type heuristics and biases findings as well as about their 
implications for human rationality.  For example, researchers such as Gigerenzer and Goldstein 
(Gigerenzer & Goldstein, 1996) provide several very effective examples where the simplifying 
heuristics may well be very rational as their simplifying assumptions appear to provide very 
good results at far lower computational effort than more complex algorithms, thus they claim 
that “fast and frugal” heuristics and biases in many instances seem to be effective aids for 
‘adaptive learning’ (Gigerenzer & Goldstein, 1996). The field of Evolutionary psychology 
provides an additional interesting perspective pointing to a deeper rationality in the evolutionary 
context of many of the observed cognitive biases (Kenrick, Griskevicius, Sundie, Norman, 
Yexin, & Neuberg, 2009). The underlying logic of this school of thought is that, while 
substantial and rapid progress has been made in the past few thousand years on conscious/ 
analytic thinking e.g.: computational tools, analytical techniques and strategic decision 
frameworks; the complexity and magnitude both of corporate organizations and of the strategic 
decisions and choices they face. In contrast the human brain has evolved much more slowly over 
several hundreds of thousands of years and the intuitive modes of the human brain’s thinking 
perhaps may have been programmed and adapted by evolution for a somewhat different set of 
decisions and choices related to survival and adaptability in a hunter-gatherer’s setting 
demanding a faster more decisive response, that is markedly different from the context of our 
modern urban lives be it personal choices or strategic corporate decisions. The field of 
Evolutionary Psychology offers interesting insights on this aspect (Kenrick, Griskevicius, 
Sundie, Norman, Yexin, & Neuberg, 2009) that perhaps our human sub-conscious/ intuitive 
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decision algorithms were ‘rational’ for their original evolutionary context, but not as well 
adapted for our modern circumstances.  
 
In recent years, there’s also been an interesting attempt to ‘unbound’ Simon’s dominant view on 
‘bounded rationality’ by a select few academics including by (Grandori, 2008) who points out 
several “knowledge creating heuristics that are rational” based on deliberative search, discovery 
and invention mode; and most recently by Porac &Tschaing “let us undo the small brain 
managerial mind constraint” and “let us look at Managers as Design Thinkers” ideas of (Porac & 
Tschaing, Jan 2013) . 
 
Moving on from the above-mentioned academic debates about whether or not such heuristics and 
biases are rational.  That is part of the reason , I subscribe to the view that prefers the label of 
“analytic” rather than “rational” for system 2, to avoid the above-mentioned debates over “ 
rational vs. irrational” (Gigerenzer & Goldstein, 1996) and “small brained vs. big brained” 
(Porac & Tschaing, Jan 2013).  
 
Beyond Dual Process Models 
Kruglanski and Gigerenzer have questioned the prevailing dominant dual-processing view, by 
proposing an alternate unified theory which suggests that both deliberative and intuitive 
judgments are similar and often follow similar rules. They claim that, “deliberate judgments are 
not generally more accurate than intuitive judgments and that accuracy in both cases depends on 
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the match between rules and environment: the rules ‘ecological rationality’ ” (Kruglanski A, 
2011) 
 
A select few researchers have attempted to go beyond the relatively narrow definition of intuition 
– of a rapid recall of previously stored memories/ patterns. Glöckner and Witteman propose a 
promising theory that builds further on the dual-process models, “which assume a clear 
distinction between intuitive and deliberate processes but provide no further differentiation 
within both categories” (Glöckner A, 2010). They have made an interesting attempt to go beyond 
these models and argue that, “intuition is not a homogeneous concept, but a label used for 
different cognitive mechanisms”. They suggest that these mechanisms have to be distinguished 
to allow for fruitful investigations of intuition. Specifically, they argue that, “researchers should 
concentrate on investigating the processes underlying intuition before making strong claims 
about its performance”. They propose a sub-categorization of intuition according to the 
underlying cognitive processes: “(a) ‘associative’ intuition based on simple learning–retrieval 
processes where affect is an output, (b) ‘matching’ intuition based on comparisons with 
prototypes/exemplars, (c) ‘accumulative’ intuition based on automatic evidence accumulation, 
and (d) ‘constructive’ intuition based on construction of mental representations, where 
importantly affect plays both an input and an output role.” (Glöckner A, 2010) 
 
While Glöckner and Witteman concede that the differences between some of these different 
types may be too subtle to sustain their theorized categorization, however to my mind, 
conceptually the differences between ‘Associative’ and ‘Constructive’ Intuition do appear 
plausible, though I could not find any research evidence that specifically proves or disproves 
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this. They hypothesize a role for ‘constructive intuition’ a more deliberative form of intuition 
which helps the brain cope with the more complex processing required for more sophisticated 
pattern matching, and or reconciling seemingly contradictory observations that typically over-
whelms the analytic brain processes. Understanding the power of this form of processing may be 
a key part of unlocking how we develop ‘break-through/ novel’ ideas – by observing and 
forming more complex patterns. 
 
This importance of incubation and the distinction between instantaneous forms of intuition and 
the longer incubation form of intuition which has a key role in creative, break-through ideas has 
also been described by Dane and Pratt who label it as ‘creative’ intuition (Dane & Pratt, 2009) . 
Likewise by Duggan in both practitioner and academic literature, who labels this as ‘strategic 
intuition’ (Duggan, 2007) and refers to a wide range of various historical references of this 
phenomenon in Eastern Philosophy, war (e.g. ‘Napoleon’s coup d oleil’), the arts (e.g. Picasso) 
and business (e.g. Gates & Allen came to develop the strategy for ‘Wintel’). He has attempted to 
apply this as a process to the business world for the synthesis of strategic ideas as distinct from 
strategic planning and analysis. Duggan and Mason in support of the articulation of ‘strategic 
intuition’ and its distinction from the more prominently debated and studied ‘expert intuition’ 
have also synthesized the extant cognitive psychology and neuroscience literature in support that: 
firstly points out that the distinction typically drawn in cognitive psychology literature between 
‘insight’ and ‘intuition’ is rather out-dated - quoting the path-breaking ‘learning and memory’ 
research work of Milner et al which outdated the previously dominant thinking about ‘left vs. 
right brain’ regarding analytical vs. intuitive processes (Milner, Squire, & Kandel, 1998); and 
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secondly outlines the importance of ‘deep REM sleep’; ‘relaxation’ and ‘de-focused attention’ 
for this form of incubation intuition to play its role effectively (Duggaan & Mason, 2012). 
 
Hodgkinson et al (Hodgkinson Gerard P, 2009) also emphasise the role of incubation and the 
inter-play of different cognition forms in situations that require more abstract thinking, which 
they refer to as ‘creative cognitions’, “that manifest themselves as ‘inklings’ or ‘glimmerings’ 
i.e. intuitions of an understanding not yet achieved”. “Allowing for a period of incubation creates 
space for mental relaxation and the consequent removal of analytical blocks, for serendipitous 
associations to occur and enables the slow spreading of activation trails that may throw up a new 
metaphor, perspective or connection that conjoins previously unrelated elements.” They also 
point out that the intuitive component of solving complex, ill-defined problems is, ‘‘fuzzy, 
vague, unjustified, experimental, empathic and slow”. They further emphasise that this form of 
‘creative cognition’ is a complex and ambiguous capability that is hard to recognise and assess; 
and one that is easily suppressed in environments where organizational cultures “scorn fallibility 
and prohibit experimentation, risk taking and departures from efficient standard operating 
procedures”. They also refer to additional literature sources such as Finke etal, “The creative 
cognitions that are one outcome of non-conscious intuitive processes are, like their analytical 
counterparts, fallible, but nonetheless essential to the generation and exploration of novel ideas 
in preparing viable alternatives for business success” (R. A. Finke, 1992). 
 
Hammond’s Cognitive Continuum Theory and the concept of ‘quasi-rationality’ are also very 
relevant in this regard (Hammond K. R., 1996) (Hammond, 2000), because his key point is that 
most key thinking tasks usually employ a blend of both analytic and intuitive thinking, although 
their relative mix varies according to the context. Therefore it is conceptually plausible that the 
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more complex forms of intuition described by the above-mentioned researchers, employs an 
interesting combination of both intuitive and analytic thinking as well as complex iterations 
between various levels of the mix of these two broad styles. 
 
Various sources of practitioner literature refer to experiencing similar manifestations of intuition 
in solving complex problems over long periods of incubation, with popular vocabulary labels 
such as, ‘sleep on it’, ‘hunches’ and ‘flash/ Aha/ Eureka moments’ – the key differences between 
the latter two forms is both the strong clarity about the rationale for the solution as well as a very 
high degree of confidence and emotion associated with finding the solution. In the ‘hunch’ form 
the confidence and emotion and logical rationale for the reason why, is nowhere near as strong or 
clear as in the latter ‘flash/ Aha/ Eureka’ manifestation, but it is none the less sufficiently strong 
enough to be noticed by the individual and to guide them in navigating through their complex 
choices. 
 
Exploratory Field Interactions with Experienced Executives 
 
Objectives: 
I conducted an exploratory, field study with experienced executives to glean practitioners’ 
insights into the above-mentioned issues. The specific objectives were to gauge their responses 
to three issues: firstly, to what extent do senior executives actually experience these more 
complex forms of slow intuition; secondly, to what extent are they aware of the inter-play 
between conscious and sub-conscious thinking as they attempt to solve their complex issues; 
thirdly, how varied and noticeable is the range of confidence levels and emotions in their 
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observed/ experienced different forms of intuition. A more general, fourth objective was to try 
and also seek insights into what is the potential role of various other variables that come into 
play in this complex process.  Finally an important fifth objective was to try and generate some 
insights and more specific hypotheses for testing in a subsequent more quantitative study.  
 
Method  
I conducted qualitative exploratory research interviews on a one on one basis, using the 
appended structured interview guide (Appendix 1), where participants consented the interviews 
were also recorded and transcripts analysed further for further insights in addition to my 
interview notes. The interviews typically lasted for 60-90 minutes, and were conducted in a mix 
of live and video-conferencing meetings. The overall approach was to ask participants their 
recollections of their thought processes, elapsed times, emotions and relative use of analytic 
versus intuitive thinking in instances for both routine decisions as well as major breakthrough 
strategic ideas/ options they had been a major part of generating.   
 
Participants 
The participants selected were an eclectic mix, based in India, Singapore, Australia, Europe, and 
China. They comprised: 4 CEOs, of large publicly listed, leading companies (respectively: 
pharmaceuticals, fast moving consumer goods, telecommunications, a diversified media group); 
2 senior partners in leading consulting firms; 2 very senior executives in leading Private Equity 
Investment Funds; 3 entrepreneurs; 1 architect/designer; 1 senior advertising agency creative 
head for Asia-Pacific from a leading global media group; 1 technical design R&D head.  One 
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participant was female, all the rest were male. Most of them were aged in their mid 40s to late 
50s, except one was in his mid 20s.  
Observations 
I analysed my notes from the participants’ responses as per the discussion guide in appendix 1, 
for common patterns as well as key differences in perspectives to the above- mentioned key 
issues. The interesting common themes and points of divergence are summarized below: 
1) Many of the executives interviewed, did experience more complex and longer gestation 
forms of intuition (ranging from several weeks to many years). This appears consistent 
with the constructs described by Glöckner and Witteman, Duggan and Mason, Dane and 
Pratt and Hodgkinson et al: 
“If something interests you , you tuck it away and it keeps processing away happens and 
keeps coming back when you have free mind space … its more appropriate for people 
who have a variety of experiences  - so one can synthesise and distill from them “ 
 
“This type of thinking is very different to the other type of intuition (where you 
instantaneously know the answer - but how the answer came to you is a black – box i.e. 
you know but don’t know why). In this more involved case you are solving a complex jig-
saw piece by piece” 
 
“…in this case there was no obvious single answer.  I  was grappling with many parts 
that needed to fit together , was engaged on this issue for almost 6 months , needed to 
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prioritise for other operational decisions / issues that kept coming up too. The individual 
“Aha” moment came when the whole thing came together, when I knew this was the way 
we should be going. …Now that I look back it (i.e. the strategy) has played out pretty 
much as I thought it would.” 
“I do not agonise over it much, keep playing with it and suddenly it hits you in a flash, 
parallel process is going on , quickly looking at the outcomes of all the outcomes, a phase 
of ambiguity stays as you juggle these multiple issues and suddenly everything settles in a 
flash!” 
“It was not the instant type of feeling of knowing. It was like piecing together bits of a 
jig-saw puzzle, lot of reflection and dogged perseverance. Couldn’t articulate any 
numbers but when the answer came – could see the logic to it.”  
“I could see the image in my head – I couldn’t see the specifics as had not seen the same 
thing before but after I saw it - I could see the influence of the two previously un-related 
thoughts had fused together into this one in a flash !! I instantaneously knew – this is the 
one!  Very exciting … just before this other options also came … but this one was more 
exciting!! “ 
“The key is to be willing to deal with paradigmatic disconnects, and let the brain soak on 
the problem rather than giving up” 
2) The range of emotions, confidence and sensations in the body responses is also consistent 
with the different responses expected for what practitioner literature/ common vocabulary 
refers to as “hunch” versus “Flash/ Aha moments”.  
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Although it was also interesting to observe that participants did not share a common 
vocabulary or understanding of these nuances. (The questions are in (brackets); responses 
are in italicized quotations): 
 
 (How do you react when the answer comes to you): “hi energy” , “really excited 
– have to go n tell someone else” 
 (confidence level): “very high” ; ” my confidence level is generally pretty low, 
though in this case the excitement was very high – I need external validation from 
group” 
 (What emotions do you feel?) : “sort of know this feels more right but can’t say 
for sure”  “enormously excited” ;  “sudden burst of energy can’t sit still” 
 (Are you aware of any sensations in any parts of your body?) :  “tension is 
released, lightness”; …. “shiver or tingle”  
 (How do you determine if it’s the right answer?) : “…just knew it was right. As 
part of implementation though went through a lot of discussions with team to help 
build buy in as well as to think thru the implementation issues better etc”;  
“validation with group, got excited about a bunch of ideas – was most excited 
about this one” 
3) Many participants recalled instances of iterating between both conscious and sub-
conscious i.e. analytic and intuitive thinking:  
Responses to the question: Did you iterate between these thinking modes? Any particular 
sequence – what came first? or does it vary in different cases (please describe) … 
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“…analytics then intuition, analytics precedes intuition, doesn’t vary, in some familiar 
situation the analytics bit is so fast that it isn’t noticeable” 
“…yes – depends on how comfortable I am, with the answer” 
 
“…intuition comes only after I have been thinking about the idea, how long I need to 
‘soak on it’ varies quite a lot” 
 
“always the same sequence I think about it, soak on it, then when I’m not consciously 
aware of the problem – a flash of intuition then followed by analytics  
 
“…one would lead to other random switches between both analytic and intuition...” 
 
4) Participants’ comfort and perhaps ability to use these more complex/ slower intuition 
forms varies significantly. One participant (who appeared very engaged in his intuitive 
thinking style) relied extensively and was fairly clear regarding how to use and engage 
different forms of his intuition...   
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“when no expectations set for the outcome e.g. clean slate then I rely on intuition when 
there are expectations then I rely on analysis. It happens when it happens I don’t 
consciously choose between thinking modes”  
“I used to routinely use intuition even in my early student days, for example to answer 
multiple choice questions in regular tests for my college math exams I used to feel that 
my gut feel is good so as was doing badly analytically anyways so tried to answer based 
on intuition … did it for 4 to 5 tests saw got better results intuitively – seemed to work for 
my Physics, chemistry and other complex subjects too !! “ 
 
“while I’m reading - I check if I know how to solve it - if not I go with intuition” 
 
“I turn off lights, play some music usually thinking about 2 or 3 things , sit down and 
think about one or the other…and then usually great ideas, often unrelated to what I’m 
thinking then, but issues that have been ‘skunking me for a while’ come to me… it’s a 
pattern that often times works for me..” 
 
5) ….In contrast, many of the other participants belonged to organisational cultures that 
favor structured analytic thinking and they were not very comfortable or reliant on their 
intuition. But, interestingly they too experienced some instances of the longer incubation 
forms consistent with ‘constructive/ strategic/ creative intuition’:  
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“…ratio of analysis vs. intuition – is also a function of the risk associated with the 
decision, so I tend to analyse more when risks are higher.  Intuition still guides you but 
because of the risk associated you want more deliberation.” 
“… in analysis mode generate more options but not sure if those are more relevant” 
“…more often than not in our organization, we tend to use fairly structured approaches 
to generating ideas – tends to generate within the box options i.e. not truly breakthrough 
ideas…” 
( where do you prefer/ are more comfortable to use your intuition ) : “business related 
issue, where I have experience and a good sense of likely outcomes in my experience, 
situation is similar, or same or familiar, where naturally I’m able to transpose my 
experience or learning e.g. : making an acquisition, business strategy”…  
(where you prefer/ are more comfortable to rely on analysis/ deliberation) : ”areas which 
are completely new and am flying blind e.g. when we were faced with a trade boycott; 
e.g. a path-breaking new initiative e.g. digital strategy – where I didn’t know much about 
this so have to rely on analytic and consultation with a digital expert”. Must keep in mind 
a lot of this is a function of the culture of the company e.g. at my present organisation the 
expectation is for top-down decisions from me – so that drives one more in a intuitive 
style - i.e. if I have to make the decision mainly on my own resources rather than 
extensive deliberation/ consultation then I might as well go with my intuition” 
Discussion  
These observations provide some anecdotal support by experienced executives, firstly for the 
more complex and longer gestation forms of intuition as per constructs described in the above-
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mentioned practitioner literature as ‘hunch’ versus ‘Flash/ Aha moments’, which the research 
literature refers to as  ‘inklings’/’glimmerings’ (Hodgkinson Gerard P, 2009) and ‘creative’/ 
‘constructive’/ ‘strategic intuition’ respectively (Glöckner A, 2010), (Dane & Pratt, 2009) and 
(Duggaan & Mason, 2012). Secondly these forms of thinking do appear to manifest themselves 
with varying degrees of confidence and positive emotion/ affect as hypothesized by Glockner 
and Witteman (Glöckner A, 2010).  
These limited anecdotal practitioner observations, support the view that slower intuition forms 
appear to play an important role in generating breakthrough strategic ideas/ help solve complex 
problems. Therefore there appears prima-facie, to be a case for further research to test and extend 
Glöckner and Witteman’s attempts at further categorizing different forms of intuition.  
 
In summary: Figure 1 illustrates a model for how the complex problem/ idea might progress 
between the conscious and sub-conscious systems and the various other variables that can impact 
the generation of break-through option ideas, along with my suggestions for their potential 
moderating or mediating impact. This model is my attempt to synthesise the above-mentioned 
practitioner observations and the constructs described in the above-mentioned literature, 
especially the manifestation described as ‘creative’/ ‘constructive’/ ‘strategic intuition’ by 
(Glöckner A, 2010), (Dane & Pratt, 2009) and (Duggaan & Mason, 2012).  
 
The cognitive processes of ‘learning and memory’ in our brains seem to store our memories with 
a variety of different recall strings/ tags; the development of breakthrough ideas , as Johnson 
describes relies essentially on ‘a novel re-assembly of different elements of a multi-faceted 
puzzle’; the various parts can come both ‘from our own stored sub-conscious memories as well 
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as the collective consciousness of our network’ in the world beyond our own brain (Johnson, 
2010): 
 
The problem is identified and re-formulated in the conscious system of our brain; after numerous 
iterative attempts at solving it in the conscious system does not provide an effective solution 
owing to the complexity/ novelty of the problem;  
 
Then, provided the thinker has the persistence and strong emotional desire to continue to pursue 
the issue at hand, the search for the missing link to the puzzle enters the sub-conscious system of 
the brain. 
 
Most often we need a change of frames/ clash of perspectives (which can be through a variety of 
sources to help us either recall different memories, or join new dots and recognize complex new 
patterns.  
It is plausible that the following key variables could have a moderating role: the problem 
solvers’ experience i.e. context/ domain knowledge, richness and reach of networks, individual 
differences , group dynamics, use of analogies, counter-factual thinking, abductive logic, 
playfulness, use of thinking/ visual aids etc; 
When it is a complex pattern and/or involves un-bundling and re-assembly of novel i.e. 
previously un-connected idea fragments it needs significant incubation and cognitive processing 
power; and therefore dogged persistence and tolerance for ambiguity/ cognitive dissonance to 
overcome the initial phase of rejections/ confusion that the search for the new complex pattern 
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matches bring about in the interim search and iteration efforts. So although the problem 
formulation enters our brains through the conscious brain processes but the solution through 
complex pattern formulation and recognitions best provided by our sub-conscious cognitive 
processes.  
 
Likewise it is plausible that the following key variables could have a mediating role: deep REM 
sleep, relaxation and de-focused attention, persistence, patience, passion for the issue at hand, 
and a tolerance for ambiguity/ cognitive dissonance. This is perhaps why although the 
germination or connection of idea fragments requires multiple perspectives which is often better 
aided by diverse groups (provided the group dynamics and communication are effective), but the 
complex pattern recognition is perhaps better done inside the brains of a suitably cognitively 
skilled individual.  
 
The recognition of the complex new pattern by the sub-conscious gets associated with a 
simultaneous release of emotions and energy for the conscious part of the brain to be informed 
that the long sought after solution has finally been obtained – recognized in popular practitioner 
vocabulary as the ‘Eureka or Aha’ moment. 
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Figure 1: A Proposed Model for “Creative/Constructive/Strategic Intuition” as it relates to 
Break-through Option Generation 
 
 
 
Regarding the issue of why both analytic and intuitive thinking should help with break-through 
thinking the potential explanations may be that as break-through thinking involves much more 
complex pattern matching it may require the following: firstly, a combination of wide 
perspectives and experiences to enable a wider set of analogies, frames, patterns and deep 
individual reflection time to enable the more complex processing of the testing and matching 
these complex patterns and overcoming the initial phase rejections or confusion that these new 
complex pattern matches bring about in the interim search and iteration efforts. Secondly, 
perhaps the combination of analytic and intuitive thinking enables a wider combination of neural 
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connections to better enable the required superior computing power as also proposed by Dane, 
Baer et al (Dane E, 2011) ; and a third reason may be that the problem formulation enters the 
brain through the conscious analytic processes but the solution development requires such 
complex processing power that this is best provided by the sub-conscious cognitive processes 
aided by deep REM sleep, relaxation and de-focused attention (as summarized by Duggan and 
Mason (Duggaan & Mason, 2012). Therefore when the solution has been found, the release of 
emotions and energy providing neuro-transmitters is for the conscious part of the brain to be 
informed that the long sought after solution has been obtained – recognized as the ‘Eureka or 
Aha’ moment. 
 
Limitations 
Given the small sample size, this study obviously can not lead to any deductive conclusions. 
However the exploratory observations provide some anecdotal support for the sparse literature 
on this topic and  raise some interesting hypotheses worthy of further research.   
 
Secondly, the model described in Figure 1 is merely intended as my attempt to synthesise the 
above-mentioned literature that describes the complex manifestation of 
“Creative/Constructive/Strategic Intuition” and a hypothesis about the interactions of the 
underlying cognitive processes and the plausible role of various other variables.  This description 
per Figure 1, however is neither intended to be comprehensive nor definitive. Similarly the 
variables identified as moderating or mediating are also neither an exhaustive list nor empirically 
verified. 
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Conclusions and Implications for Further Research 
First, there is some anecdotal support by experienced executives, for the more complex and 
longer gestation forms of intuition especially what the practitioner parlance refers to as the 
‘hunch’ and ‘flash/ Aha/ insight’ forms, which fit well with the constructs described by Glöckner 
and Witteman, Duggan and Mason, Dane and Pratt and Hodgkinson et al. This suggests promise 
for extending the behavioral strategy discourse to also include aspects of longer gestation form of 
intuition; as well as the need for further research to build on the existing sparse literature in this 
topic for creating a more holistic perspective of different forms of sub-conscious thinking; and 
more applied research on theories and constructs such as ‘constructive/ strategic/ creative 
intuition’. As there do appear to be multiple forms of intuition especially over longer gestation 
periods that are relatively poorly understood, a key implication both for research and practice in 
better ‘managing intuition’ is to take a more holistic, approach to the complex interactions 
between the human conscious and sub-conscious thinking systems in various external stimuli and 
especially in longer gestation time contexts, rather than the predominant reductionist academic 
efforts in this direction, which appear to try and study different manifestations of human sub-
conscious processing in isolation. For example, the popular separation in the cognitive 
psychology literature of ‘insight’ instinct’ and ‘intuition’ whilst useful terminology for studying 
these manifestations, may perhaps be missing the bigger point about common learning and 
memory techniques for developing practitioners’ awareness and skills in these areas. Likewise, 
perhaps the popular debate between the ‘NDM’ and ‘cognitive biases’ camps may well be 
because they describe different manifestations of intuition.  Equally importantly, there appears to 
be a case for helping managers to better appreciate key aspects of their ‘cognitive continuum’ 
and how different forms of interactions between sub-conscious and conscious thinking play out 
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especially over longer gestation periods; and help develop credible techniques for strategists to 
better develop their ‘creative cognition/ constructive intuition’ capabilities over longer gestation 
periods for better breakthrough ideation and complex problem solving/ pattern recognition.  
 
Finally, as executives comfort and perhaps ability to use these more complex/ slower intuition 
forms appears to varies noticeably. A specific hypothesis, worthy of further research is that 
perhaps individual differences in managers thinking styles may have interesting effects which 
come into play for solving complex/ novel problems under high uncertainty – where a more 
complex pattern matching form of intuition/ brain processing comes into play to help generate 
break-through options. This is studied further in Essay 2. 
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Appendix 1) Interview Guide: Qualitative Research on balance of Analytics and Intuition 
In Break-through Idea Generation  
 
Target Participants: Selected senior, very experienced corporate executives; designers (architects; ad 
agency creative types); innovators, entrepreneurs;   
Objectives:  
1. Explore what are the mental processes the participants experience when – developing break-
through options: Balance between analytics and intuition; sequence/ iteration  
2. Test role of additional variables such as decision time, confidence, information search, attention 
shifts, physiological arousal, or single fixation durations that impact their break-through idea 
generation 
Approach:  by reflection and recall of their past memorable experience/ instances.  
Background data: Brief profile/ CV and role description of participant. Submit REI instrument  
1. Please describe briefly: 
a. the types of important issues/ decisions you routinely make for which you need to 
generate ideas/ options/ choices to choose from  – where you prefer/ are more 
comfortable to use your intuition ; ____________________________ 
 
b. the types of important issues/ decisions you routinely make for which you need to 
generate ideas/ options/ choices to choose from – where you prefer/ are more 
comfortable to rely on analysis/ deliberation ; _____________________________ 
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c. some important occasions where you have been involved in what you and your 
colleagues  regard as “break-through” (i.e. unusual, non-routine, not considered/ done 
before in this context etc ) ideas/ options/ choices _____________________ 
 
d. please provide some brief context, why in your view these (listed in c) are regarded as 
“break-through” ideas/ options/ choices 
 
2. Please talk us through what goes on in your mind in some of 2a) examples i.e. the Routine use of 
intuition to generate ideas/ options/ choices: 
a. how long did it take to reach ‘the’ answer 
b. How long did you focus on the issue/ decision in a single go 
c. Were you focusing on the issue when the answer came to you? or doing something else 
(if so what ______) 
d. Did your attention shift / distract/ iterate 
e. How do you react when the answer comes to you: 
f. confidence level: 
g. What emotions do you feel? 
h. are you aware of any sensations in any parts of your body? 
i. How do you determine if it’s the right answer 
 
3. Please talk us through what goes on in your mind in some of 2c) examples i.e. where you have 
been involved in what you and your colleagues  regard as “break-through” ideas/ options/ 
choices: 
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a. Can you describe what processes you went through – how did the issue/ question get 
raised?   _______________  
b. just you or were others involved  
c. how long did it take to reach the answer 
d. What was the role if any of analytics? 
e. Likewise what was the role if any of intuition? 
f. In your view what was the rough Balance between analytics and intuition 
g. Any particular sequence – what came first? or does it vary in different cases (please 
describe) 
h. Did you iterate between these thinking modes – few or multiple (specify ___) times 
i. information search – what, how, conscious?  
j. role of images/ analogies (please describe) 
k. was there any disconnect/ dichotomy/ paradox that you focused on? 
l. did the only obvious answer come to you in an instant flash of inspiration – or was it 
part of a number of potential solutions that you dwelt of/ were aware of for some time 
m. Were you focusing on the issue when the answer came to you? or doing something else 
(if so what ______) 
n. How long do you focus on the issue/ decision in a single go 
o. Does your attention shift / distract/ iterate 
p. How do you react when the answer comes to you: 
q. confidence level: 
r. What emotions do you feel? 
s. are you aware of any sensations in any parts of your body? 
t. How do you determine if it’s the right answer?  
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Essay 2: Effects of Individual Differences in Cognitive Style Preferences and of External 
Stimuli on Strategic Option Generation 
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Effects of Individual Differences in Cognitive Style Preferences and of External Stimuli on 
Strategic Option Generation
1
 
Abstract: This paper focuses on Strategic Option Generation, where more time and effort for 
deliberation and iteration as well as corresponding distractions are available. I present a 
classifying framework for the relevant literature on Option Generation and propose relevant 
contexts in which these techniques may be relatively more appropriate. I tested the main effects 
of some popular Option Generation stimuli and also of individual preferences for analytic vs. 
intuitive thinking styles in a sample of experienced executives to generate breakthrough strategic 
growth options. The findings are: firstly, participants’ ‘experiential’ engagement levels have a 
higher, more significant correlation than their ‘rational’ engagement levels to generate a higher 
number of good quality options. ‘Cognitively Versatile’ participants (i.e. with both high analytic 
and intuitive engagement levels) on average produce the higher number of good quality options; 
indeed this categorisation variable on individual thinking styles shows a more significant effect 
size than the choice of external stimuli Option Generation techniques. Secondly, amongst the 
four Option Generation techniques tested, ‘Brainstorming’ yielded better results for the one hour 
duration used in this study. This implies that we should perhaps better appreciate the role of the 
intuition end of the cognitive continuum spectrum for strategic option generation.  There is also 
some evidence of an interaction between the two main effects such that an external stimulus 
opposite to the individual’s preferred thinking style gives better results. All three findings are 
supported by selected other published research. 
                                                          
1
The Author gratefully acknowledges the supervisory guidance and inputs of Prof. Jochen Reb, Prof. Dan Lovallo, 
Prof. Joseph Porac and Prof. Rajendra Srivastava for this paper. All errors and omissions are the author’s 
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Introduction 
I chose this topic of Strategic Option Generation, firstly because this is an important but often 
under-emphasized part of the strategy formulation process; and secondly to help extend the 
popular behavioral strategy discourse beyond the instantaneous forms of intuition, to also include 
the slower gestation aspects of managers’ ‘cognitive continuum’ (Hammond K. R., 1996) 
especially how different interactions between their conscious and sub-conscious thinking play 
out over longer gestation periods  This section focuses on the gap in the sub-topic of Strategic 
Option Generation, which has received far less academic effort, relative to the broader field of 
Judgment and Decision Making. A key-word search on Google Scholar reveals far fewer articles 
and citations on Option Generation than the topic of Decision Making.  Based on Google Scholar 
search results:  a key word search on “decision making” yielded over 1.2 million mentions with 
the leading articles obtaining in the range of 3000-10,000 citations.; whereas, “option 
generation” yielded only 2,200 mentions with the leading articles obtaining in the range of 15 -
140 citations.  
 
Literature Review 
Proposed Organizing Framework for Literature Review on Option Generation 
I propose an organizing framework for the existing literature related to Option Generation, to 
firstly provide a better navigation guide to the extant literature; secondly to help better appreciate 
the underlying cognitive processes that these techniques utilise; and thirdly provide guidance on 
the context in which these various techniques may be relatively more appropriate. The key 
literature on Option Generation broadly fits into the following categories: 
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a) The Naturalistic Decision Making School’s – studies on option generation under severely 
limited time constraints  
b) “Brainstorming” – “outside the box” thinking 
c)  ‘Structured Thinking’  - which comprises two broad sub-streams of: 
o  ‘Economic/ Business Frameworks’ such as Value chain, Industry structure 
analysis, Blue Ocean Strategy and various other practitioner variants; and  
o ‘New Product Ideation’ and “In the Box” techniques e.g. ‘SIT’, ‘TRIZ’ etc;  
d) Application of a variety of these techniques for a specific task at hand: e.g. to generate a 
range of alternatives for a specific policy/ decision choice 
e) Break-through / novel strategic idea generation: - developing an idea that is truly novel 
i.e. new to the world, offers a solution that has strategic value and satisfies multiple 
constraints/ criteria 
 
Although some related papers which examine similar effects from the creativity studies literature 
are cited in this study, but a detailed review of the extensive literature on the related but broader 
topic of creativity is beyond the scope of this study. 
 
The Naturalistic Decision Making School’s – studies of Option Generation are under severe time 
constraints: Some of the more cited papers on Option Generation happen to be from the 
“Naturalistic” behavioral school (Klein, 1995) and (Raab M, 2007)  which typically conclude 
that experts rapidly generate few options and usually take the first, hence the ‘take the first’ 
heuristic. (Typically experts generate 2 to 3 options, which are usually no more in quantity 
though better in quality than novice players). However these research efforts focus on players of 
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chess and hand-ball respectively (and similar NDM school research efforts examine emergency 
medics, firemen, law enforcement officers etc); i.e. contexts which are far more reaction time 
and decision rules constrained than is the case for many business decision making contexts – 
especially complex and/or strategic business problems. 
 
b) “Brainstorming” –  
Brainstorming is widely used in organizational contexts as a problem-solving and concept 
generation technique, popularized by Osborn (Osborn, 1957) who developed the technique as an 
intervention to improve idea generation. He advised four rules to guide individuals and groups in 
generating idea: “(1) generate a lot of ideas, (2) avoid criticizing any of the ideas, (3) attempt to 
combine and improve on previously articulated ideas, and (4) encourage the generation of ‘wild’ 
ideas.” Significant practitioner literature exists to advocate brainstorming as a useful tool for 
problem solving and offer suggestions for making it more effective (Fisher, 1998) (Gundry, 
2001) (Robbins, 2007). Similarly considerable academic literature exists on brainstorming 
research of the impact of various rules, goals, conditions to improve performance in idea 
generation (Paulus et al, 2006), (Kavadias & Sommer, December 2009) .Although this technique 
is very popular in practice, social psychology researchers question whether brainstorming 
sessions are the most effective way to generate problem solutions (Taylor, 1958). Substantial 
experimental evidence demonstrates that brainstorming groups are outperformed by so-called 
“nominal” groups (the same number of individuals generating solutions in isolation) given the 
same problem statement and time (Stroebe, 1994) (Paulus, 1996) 
 
c) ‘Structured Thinking’   
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‘Economic/ Business Frameworks’ are the most popularly used in practice such as Value chain 
and Industry structure analysis Porter (Porter, 1987) , and their variants used by leading 
consulting firms such as Mckinsey & Co, Bain, Boston Consulting Group et al.; Blue Ocean 
Strategy (Kim & Mauborgne, 2004) , ‘In the Box thinking’ techniques e.g. Coyne et al (Coyne, 
Clifford, & Dye, Dec.2007) and various other practitioner variants. Although these tools are 
mainly intended for strategic analysis but in practice they are also used for strategy option 
generation. 
New Product Ideation : This stream of literature, with popular techniques such as “SIT” 
(Horowitz & Maimon, September 1997)  and “TRIZ” (Al'tsuller, 1999) advocates a "system 
approach “to  provide better opportunities for finding meaningful new product ideas or 
innovation approaches  -in some cases in the context of technical innovation or design and in 
other cases because it views the market, the product category, and the consumer needs in a more 
structured and comprehensive manner. The objective is to generate ideas through a planned and 
developing structure, fulfilling specific needs or meeting other definable strategic goals (Lanitis, 
1970);  
 
d) Application of a variety of these techniques for a specific task at hand: some selected 
literature attempts to apply some of the above-mentioned techniques e.g. to generate a range 
of alternatives for a specific policy/ decision choice. Lucas and Jones summarize them as ‘in-
side the box’ and ‘out of the box’ (Jones, 2006), which Kelly, May and Jopson have applied 
for generating options for transport policy packages (Charlotte Kelly, 2008). 
 
e) Break-through / novel strategic idea generation:  
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Gavetti points out the importance of analogies as inspiration for strategy formulation (Gavetti G, 
2005); Martin emphasizes the importance of breakthrough strategic thinkers ‘opposable minds’ a 
metaphor for the evolutionary importance of opposable thumbs to describe the importance of 
dealing with the cognitive dissonance of two opposing thoughts and integrating them into a new 
idea that has the best elements of both opposing thoughts – what he refers to as ‘integrative 
thinking’ (Martin, 2007). In the past decade, the Boston Consulting Group a leading strategy 
consulting firm has made an attempt to use analogies for idea generation in practice. They have 
posted a wide range of analogies from biology, history, war and the arts in its Strategy Gallery 
(The Boston Consulting Group) . Further, Dubin and Lovallo have shown that thinking of 
analogies helps subjects generate a larger number of options (Dubin & Lovallo, 2008), however 
their experimental work does not shed light on whether or not this larger number of options thus 
generated, contains a sub-set of options that are regarded as more effective for that particular 
context/ situation. 
 
DeBono’s “six thinking hats’ (DeBono, 1985);  Salton’s ‘Organisational Engineering 
Framework’ and his combination of this with DeBono’s six hats leading to eight thinking and 
acting postures as summarized in Figure 3 below (Salton G, 1999); and Leclerc and Moldoveanu 
‘s five ‘thinking flexons’ to view problems (Leclerc O, 2013), are also relevant framing tools. 
 
Proponents of ‘design thinking’ point out the importance of ‘counter-factual’ reasoning and the 
use of ‘abductive logic’ as useful approaches that can help lead to break-through ideas as they 
can help break the frame to enable ‘thinking out of the box’ (Kolko, 2010) , (Porac & Tschaing, 
Jan 2013) 
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Johnson offers one of the more holistic practitioner views on this issue of breakthrough ideas , 
although he does so more from the perspective of what environments better aid this process 
rather than the underlying cognitive processes, nevertheless he touches upon many useful and 
relevant themes such as: ‘the Adjacent Possible’ i.e. ideas have better traction when they build 
on existing adjacencies otherwise they are too ‘ahead of their time’; ‘Liquid Networks’ – the 
importance of a critical mass of connectedness, density and fluidity to enable a spillover of ideas 
for the important clash of perspectives/ frameworks; ‘Serendipity’ –that in many cases the same 
new idea occurs in parallel to several people; and the ‘Slow Hunch’  - he too stresses the 
importance of hunches that are the seed/ part of an idea which needs sufficient incubation to 
interact with other  ideas/ hunches and eventually emerge as a ‘Eureka’ flash of a new 
breakthrough idea; and that new ideas are often ‘a re-assembled triage of different parts from 
existing ideas’ (Johnson, 2010) a process that Duggan also described and labeled as ‘strategic 
intuition’ (Duggaan & Mason, 2012) . 
 
Most of the literature in each of the above-mentioned categories, makes very little attempt to 
explore linkages with the other categories of papers on option generation, nor do they focus very 
explicitly or significantly on the underlying cognitive processes that under-pin these respective 
techniques.  
 
Regarding the role of underlying cognitive processes in breakthrough strategic option generation, 
a few authors have mentioned the importance of cognitive diversity i.e. individuals using a blend 
of both analytic and intuitive styles, for the strategy making process, Agor (Agor, 1986), 
Hodgkinson et al (Hodgkinson Gerard P, 2009).  The latter authors emphasise that, “‘Cognitive 
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Versatility’ is the most valued approach for strategic decision making, enabling individuals to 
blend and flex to the varying information processing demands, as and when required to do so.”  
They also cite a 2X2 typology based on analytic and intuitive cognitive style preferences of 
individuals as suggested by Hodgkinson and Clarke (Hodgkinson & Clarke, 2007) where,      ‘‘ 
‘detail conscious individuals’ are highly analytic with little regard for intuition. As a 
consequence, they are prone to becoming overburdened by the demands of the situation, unable 
to extract the bigger picture, particularly when operating under time pressure. ‘Big picture 
conscious’ individuals, in contrast, are highly intuitive but low on analytic style, preoccupied 
with gaining an overview of the situation or problem at the expense of detail. Hence, they run the 
risk of overlooking vital information. ‘‘Non-discerning’’ individuals (low on both analytic and 
intuitive style) deploy minimal cognitive resources, being disinclined to process details or extract 
a bigger picture, relying on the received wisdom of others, while ‘Cognitively Versatile’ 
individuals (high on both analytic and intuitive style) are predisposed equally to processing detail 
and cutting through such detail to intuit a broader perspective. “Lovallo and Sibony have also 
proposed similar, related framework and tools in their early stage research on decision making 
styles  (Lovallo & & Sibony, April 2013). 
 
Regarding the issue of why both analytic and intuitive thinking should help with break-through 
option generation, the potential explanations may be that as break-through thinking involves 
much more complex pattern matching it may require the following: firstly, a combination of 
wide perspectives and experiences to enable a wider set of analogies, frames, patterns and deep 
individual reflection time to enable the more complex processing of the testing and matching 
these complex patterns and overcoming the initial phase rejections or confusion that these new 
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complex pattern matches bring about in the interim search and iteration efforts. Secondly, 
perhaps the combination of analytic and intuitive thinking enables a wider combination of neural 
connections to better enable the required superior computing power as also proposed by Dane, 
Baer et al (Dane E, 2011) ; and a third reason may be that the problem formulation enters the 
brain through the conscious analytic processes but the solution development requires such 
complex processing power that this is best provided by the sub-conscious cognitive processes 
aided by deep REM sleep, relaxation and de-focused attention as summarized by Duggan and 
Mason (Duggaan & Mason, 2012). Therefore when the solution has been found, the release of 
emotions and energy providing neuro-transmitters is for the conscious part of the brain to be 
informed that the long sought after solution has been obtained – recognized as the ‘Eureka or 
Aha’ moment. 
 
Hammond’s Cognitive Continuum Theory and the concept of ‘quasi-rationality’ are also very 
relevant in this regard (Hammond K. R., 1996) (Hammond, 2000), because his key point is that 
most key thinking tasks usually employ a blend of both analytic and intuitive thinking, although 
their relative mix varies according to the context. Therefore it is conceptually plausible that the 
more complex forms of intuition described by the above-mentioned researchers, employs an 
interesting combination of both intuitive and analytic thinking as well as complex iterations 
between various levels of the mix of these two broad styles. 
 
Proposed Organizing Framework for Option Generation Techniques  
I build further on the integrative efforts of Lucas and Jones and their categorization of ‘in’ and 
‘out of the box’ techniques (Jones, 2006), and extend it further in two ways: firstly drawing in 
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linkages with the underlying cognitive processes that under-pin these respective techniques; and 
secondly pointing out the contextual situations in which these various techniques are relatively 
more appropriate. Thus the proposed below integrating framework (Figure 2) seeks to both better 
categorize the extant literature on option generation for future researchers and also to provide 
practitioners a more structured basis to choose from the variety of available option generation 
techniques depending on their specific context.  
 
Ref Figure 2, the columns represent different contexts for option generation with respect to the - 
nature of task/ objectives, time constraints etc. The first row describes whether the technique and 
task seems best suited for a group or individual dynamic. And the last three rows define the key 
underlying cognitive process that seem to drive the relevant option generation technique i.e. 
analytic, intuitive or a combination of the two. (Please note the middle row labeled as a 
combination of “constructive intuition “ + analytic relying on the terminology used by Glockner 
(Glöckner A, 2010) , Duggan & Mason (Duggaan & Mason, 2012) , Dane and Pratt (Dane E, 
2011) and Hodgkinson et al (Hodgkinson Gerard P, 2009)  to suitably distinguish between the 
instantaneous recall form of intuition with the more complex pattern matching form of intuition, 
described further below in this paper.). The relevant cells therefore are populated with the 
various available Option Generation Techniques in the extant literature. 
 
 
Figure 2: Proposed Organising Framework for Option Generation techniques 
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 “Instantaneous/ 
Blink Decision 
under severe 
time constraints 
( e.g. sports, 
war, firemen 
etc)” 
“Creative” (novel, perhaps 
new to the world but fewer 
constraints to satisfy” e.g. 
new brand name/ new 
applications of known 
products etc) 
“Searching for a 
known solution/ 
application in a 
defined space (many 
constraints to satisfy 
but not new to the 
world)” 
“Break-through/ 
Novel” Ideas (truly 
‘new to the world’ 
+ multiple, specific 
constraints to be 
satisfied)  
Most 
Effective 
when done 
by 
Individual Group Group Group + Individual  
Analytical   “Structured Thinking” 
(e.g. Value Chain, 
Industry Structure 
analyses, Blue Ocean 
Strategy; SIT, TRIZ) 
 
“Constructi
ve 
Intuition” + 
Analytic 
   “Break-through” 
Thinking (analogies, 
opposable ideas, 
clash of frames, 
Design Thinking) 
Intuitive ‘Instantaneous 
decision’ (usually 
‘take the first’ 
heuristic) 
“Brainstorming”   
 
In practice, the instantaneously generated option which usually relies on the so called ‘Take the 
First’ heuristic (Raab M, 2007) is probably the most common option generation technique that 
people tend to most often rely on.  Perhaps we are evolutionarily programmed for this, 
considering it is the only obvious technique in ‘battle for survival/ do or die’ type situations that 
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the hunter-gatherer humans typically faced. Brainstorming also appears to be a very popular 
practitioner choice in most organisational/ business situations as a ‘ lets us brainstorm on this’ is 
a commonly used refrain, despite researchers’ ambivalent conclusions about its effectiveness at 
least with regard to the number and quality of ideas generated.  It seems fair to say that there’s 
room for more application in practice for both “Structured in-side the box” thinking as well as 
“Break-through / novel” idea generation.  
 
Relative Effectiveness of Different Strategic Option Generation Techniques in a Given 
Context 
There’s very little research literature on the relative effectiveness of different Option Generation 
techniques when applied in the same context. The practitioner literature in this regard is mostly 
frameworks / tools or individual case studies in favor of a specific technique.  As this appeared 
an interesting and relevant study to undertake, therefore I conducted a study to test the relative 
effect of some popular Option Generation Techniques on the quantity and quality of options 
generated in a specific, common, real world context, for a sample set of experienced business 
executives 
 
Main effect Hypothesis 1: Participants using ‘Brainstorming’ stimulus generate a higher 
number of high quality options relative to other stimulus conditions ; or participants using a 
combination of ‘Structured Thinking’ plus ‘Change of Frame’ stimulus generate a higher 
number of high quality options relative to other stimulus condition.  
Also the curiosity to further study the effect of individual differences in managers thinking styles 
on option generation, arose from the observations in the study described in Essay 1. Therefore 
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comparing the “Cognitively Versatile” set of individuals (i.e. high on both analytic and intuitive 
style) versus the other styles, as proposed by (Hodgkinson & Clarke, 2007) and (Hodgkinson 
Gerard P, 2009), seemed interesting to study further and empirically test.  
 
Main effect Hypothesis 2: Individual differences in participants’ analytic and intuitive thinking 
styles have a significant effect on the generation of higher number of good quality options?  
 
Method 
Participants 
I conducted controlled experiments with experienced executives who were program participants/ 
alumni from an EMBA/ Executive Education/ part-time MBA program.  
 
Participants were recruited for this experiment from two batches each of Executive Education 
and two batches of MBA program participants in India and Australia over the June – November 
2014 period. The sample participants had significant work experience ranging from an average 
of 4 years for the MBA groups (mean age 27years, 38% female) and 11 years for the Executives 
Groups (mean age 35 years, 27% female). (Ref table 1 for key details of years of work 
experience of participants and batches.  
 
Table 1: years of work experience of participants 
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Participants were not given any extra credit points or monetary rewards for their participation. A 
total of ~ 140 executives participated. Of these, 87 provided suitable information for the required 
conditions main effect analysis. The number of participants who attended each of the experiment 
sessions ranged from 12 to 40. 
 
Design 
Participants were randomly assigned to one of four Option Generation technique conditions: 
‘Brainstorming’, ‘Structured Thinking’, ‘Brainstorming + Structured Thinking’ and ‘Structured 
Thinking + Change of Frame’ as detailed further in section below, Manipulations of Option 
Generation conditions. Participants R E profile data was captured as part of their option 
generation data collection, so their R E profile was not known at the time of their random 
assignment. 
 
The specific context: chosen for this option generation task was the search for next generation, 
step change business growth for an already successful business – specifically the task set for 
each participant was to ‘generate the maximum possible number of breakthrough novel ( but 
‘useful from a business perspective’ i.e. feasible and relevant for Apple) growth options for new 
products and services that can provide significant i.e. step change new business growth avenues 
for Apple Inc. beyond iPhone’. 
MBAs Executives
min 1 7
max 10.3 21
SD 1.8 4.8
mean 4.2 11
# of participants 65 22
# of groups 2 2
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Procedures and Task 
Prior to performing the experimental task, participants completed the Rational-Experiential 
Inventory (REI; (Pacini & Epstein, 1999)); as well as a questionnaire to gather their basic 
demographic data and their rating of their extent of understanding of key terms used in some of 
their instruction sets e.g.  design thinking, value chain, industry attractiveness etc using a 
standardized excel template.  
 
Participants as was expected, given the sample choices of MBA , EMBA and Executive 
Education Program participants, had a reasonably good understanding of the business/ strategy 
concepts required for use of the ‘Structured Thinking’ and ‘Change of Frame’ stimulus tools, as 
indicated by their mean responses in Table 2. 
 
Table 2: Participants rating of understanding of key business/ strategy concepts on a 1-5 scale 
(Note: 1 = no understanding, 3 = have a limited understanding and 5 = understand very well; ‘Average’ = 
mean) 
 
 
Average STDEV MIN MAX
industry value chain analysis 3.6 0.6 3 5
key success factors 3.7 0.7 3 5
Porters 5 forces industry analysis (relative bargaining power of 
customers, suppliers, competitive rivalry, threat of substitutes/ 
new entrants etc) 4.6 0.6 3 5
core competencies/ capabilities of an organisation 3.6 0.6 3 5
competitive advantage 4.1 0.8 3 5
design' thinking 3.7 1.0 2 5
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I then explained that the study involved generating ideas and instructed participants. Each of the 
participants was given the same time of around 60 minutes to complete the exercise and submit 
their output of generated options (which were hand-written on blank sheets of paper duly marked 
with their names and relevant details) at the end of that period. The participants were also asked 
to indicate roughly what amount of time they spent on which mode of thinking or tool as per 
their instructions. An attempt was made to try to influence their motivation levels for the exercise 
by exhorting them to ‘give it their best shot’ and to try and generate the maximum possible 
number of truly breakthrough novel (‘useful from a business perspective’ i.e. feasible and 
relevant for Apple Inc) growth options using their instructed thinking styles’. 
 
Manipulation of Problem-Solving Approaches 
Participants were randomly assigned to one of four Option Generation technique conditions. As 
detailed in Appendix 1, each Option Generation technique condition involved the use of explicit 
instructions intended to foster a particular approach to option generation: ‘Brainstorming’ 
(typical of most brainstorming instructions in an individual context, asking participants to let the 
ideas flow like a tap, without any conscious efforts to guide their thinking or evaluate the ideas); 
‘Structured Thinking’ (e.g. asking participants to think through several structured issues and 
thinking tools adapted from various sources such as Coyne et al (Coyne, Clifford, & Dye, 
Dec.2007) , and standard strategy analysis tools applied to the Apple Inc context e.g. value chain 
analyses, key customer unmet needs, Apple Inc’s key success factors vs. competitors and eco-
system players, lessons from past successes and failures etc), ‘Brainstorming + Structured 
Thinking’ (a combination of the first and second conditions); and ‘Structured Thinking + Change 
of Frame’ (a combination of the second set instructions plus change of frame instructions using 
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underlying techniques that are put forth under ‘design thinking’ applied to the Apple Inc context 
e.g. counter-factual reasoning, abductive logic, attempts to look at the issue from the perspective 
of other competitors and ecosystem players etc.   
 
The manipulation of these four thinking style conditions was adapted from procedures used in a 
previous related study by Dane, Baer et al (Dane E, 2011).  The choice of these four conditions 
was to achieve a reasonable trade-off between a large enough variety and combination of popular 
option generation styles, yet keeping the number of conditions sufficiently limited for the small 
sample set given the practical challenge of enlisting large numbers of experienced participants 
for the task. Further I chose to study this selection of popularly used techniques, for two added 
reasons. Firstly to avoid the use of analytic and intuitive thinking instructions as chosen by Dane, 
Baer et al to reduce the limitation of limited ability to effectively check the manipulation. Further 
given Hammond’s Cognitive Continuum Theory and the concept of quasi-rationality i.e. modes 
of thinking which employ a blend of both analytic and intuitive thinking (Hammond K. R., 1996) 
(Hammond, 2000) it seems reasonable that such tasks will rely on a blend of different ends of the 
analytic and intuitive spectrum so limiting instructions merely for one or the other mode may not 
be effective or optimal for desired results.  
 
Measures 
‘Quality’/ ‘Business Usefulness’ of Options.  
For this study to measure this dependent variable, I relied on multiple, independent expert raters’ 
evaluation of the ideas generated, this is because it was not practical to use outcome based 
measures such as consumer adoption/ response etc , given the large variety of the ideas generated 
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and also as many of them were futuristic/ predictive in nature. The independent expert raters’ 
evaluation approach used is consistent with and extensively used in research literature (e.g. Diehl 
&Stroebe (Diehl & Stroebe, 1987) ; Amabile (Amabile, 1979, Vol. 37, No. 2) as well as in 
practice for evaluating new business ideas (e.g. Rebernik and Bradac (Miroslav & Bradac, 2009).  
The approach I adopted is consistent with recommendations and accepted practice , as per the 
new ideas evaluation methodology paper by Dean et al (Dean, Hender, Rodgers, & Santanen, 
2006), of the key principles as follows: using independent raters who are blind to the hypothesis 
and source of the output they are evaluating; with some basis for expertise in the area they are 
rating; and preferably with some structured and consistent guidance for the evaluation criteria 
they should use for their ratings especially factoring in sub-dimensions such as novelty, 
workability, relevance, and specificity; finally the extent of inter-rater reliability should be 
assessed,  
 
Further the specific approach I adopted is consistent with the methodology used for evaluating 
the quality of ideas generated in a very similar study by Dane, Baer et al (Dane E, 2011). The 
three key adaptations I made to their methodology in this regard were: firstly I chose a 1 – 5 
rating scale instead of the 1 – 9 point rating scale used by Dane E, 2011. Where: 1 (Very Low 
'business usefulness') to 5 (Very High 'business usefulness'). Secondly I adapted the instructions 
to the raters for the specific case context used in my study, asking them to provide a single rating 
of the quality/ business usefulness of each option generated, which itself relied on several criteria 
(i.e., novelty, technical feasibility, relevance for Apple Inc to implement etc.). With a high rating 
score reserved for those options that satisfy all three aspects. Thirdly I chose to focus the 
definition of this key Dependent Variable as the absolute number of options rated in the highest 
54 
 
available rating 4 band (i.e. average ratings equal to or more than 3.5, as no options were rated 
above 4.2 post the averaging of the three independent raters.) This differs from the approach 
taken by other related studies e.g. Dane, Baer et al (Dane E, 2011).where their dependent 
variable was a ratio of the average rating for all the ideas in a rating band divided by the total 
number of ideas generated.  My approach of focusing on the best rated ideas is consistent with 
that advocated by other researchers such as (Diehl &Stroebe, 1987) and Girotra et al (Girotra, 
Terwiesch, & Ulrich, 2010) because the primary objective behind the idea generation task, 
employed in this research, was with the expectation to result in the generation of ideas that are 
truly novel and have the potential to be implemented. 
 
I employed the following three-step procedure. In the first step, I collated the ideas that had been 
generated by participants in their hand-written responses. Some of the options which appeared 
very related were categorized together (e.g. ‘iRobot/ virtual friend/ iPet’; ‘Mind reader/ predict 
future behavior/ mood sensor/ lie detector’; ‘iHome/ energy mgmt/ iFridge/ iProtect’).   This was 
done to reduce the number of ideas that had to be reviewed by the independent raters. This 
resulted in 65 sets of options.  
In the second step, three independent senior business executives (who were not aware of the 
specific research hypotheses or about the details of how the options were generated) were asked  
to rate the 65 sets of options, on a rating scale of business usefulness that ranged from 1 (Very 
Low 'business usefulness') to  5 (Very High 'business usefulness') using the following instructions 
and definition of 'business usefulness’: “Please use the following 1-5 rating scale to rate the  ' 
business usefulness' of each of the options listed below. Please note the objective is to rate 
options based on whether they provide strategic, breakthrough business growth for Apple Inc 
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beyond the iPhone. In rating the 'business usefulness' of each option for this specific objective, 
please consider in particular the following aspects: a) how novel/differentiated is the option from 
existing competitor/ market place offerings? b) to what extent does the option broadly seem 
technically feasible? (as opposed to in the realms of wild imagination); c) to what extent does the 
option broadly fit with Apple Inc's key success factors and organisational skill sets, i.e. is this 
something Apple Inc can successfully do ? A high score should be reserved for those options that 
satisfy all three aspects.     PS: you can use decimal levels i.e. intermediate rating scores within 
the 1-5 scale e.g. 3.5,  2.2 etc if u wish, but not less than 1 or more than 5.”  
 
The three independent raters were respectively: The Vice-Chairman of a major Indian public 
listed consumer goods company and serial entrepreneur based in India; the Asia-pacific CEO of 
a major e-commerce company; and a Former Managing Partner of a major consulting firm (both 
latter two raters were based in Singapore). The list of these 65 sets of options, the detailed 
instructions given to the independent raters and of each of their ratings for each set of options is 
detailed in Appendix 2. 
 
The inter-rater reliability was somewhat low and is a key limitation of this study, as the three 
independent ratings did vary somewhat for individual set of options, but each individual raters 
results were reasonably consistent with the average of the three raters for the 65 options sets (the 
Pearson correlation coefficient for each of the raters with the average of the three raters was 0.74 
– 0.77. This result is consistent with the conclusions from another commonly used measure of 
inter-rater reliability, Cronbach Alpha which for the three raters was 0.539. The Cronbach Alpha 
for two out of the three raters was not significantly higher, and hence I chose to use the average 
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ratings of all three raters. A result of 0.7 or higher on this parameter is usually regarded as more 
acceptable for inter-rater reliability, thus this is indeed a key limitation as it is possible that the 
variations in ratings across the three independent raters for some of the option sets, could have an 
impact on the over-all findings as I chose to take a simple average across the three raters. But to 
be practical, complex constructs such as the dependent variable defined, especially given the 
context for this study, are bound to have subjective interpretations (given that the raters had to 
provide a single rating of the quality/ business usefulness of each option generated, which itself 
relied on several criteriai.e., novelty, technical feasibility, relevance for Apple Inc to implement 
etc.). Yet it was prudent to seek multiple raters rather than rely solely on one rater. To minimize 
the impact of rater variability, I did limit the rating scale to a 5 point scale (versus the 1 – 9 point 
scale used by other researchers) to help attenuate ratings differences. 
 
For this study, the average of the ratings across the three raters was applied to each of the set of 
options.  The average ratings across the three raters resulted in the options average scores 
ranging from a low of 1 to a high of 4.2 with the median rating of 2.9 and a SD of 1.0.  
 
Finally as another check on the reasonableness of the output results, I reviewed and was satisfied 
that the types of options that were classified in the highest rating band were firstly a relatively 
small proportion, 18 out of the total of 65 sets that were generated; and secondly the indicative 
ideas in this set, as summarized in Table 3 did indeed appear to be of higher quality than the 
options in the other lower ratings sets. 
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In the Third Step, two independent research assistants manually coded each participants’ option 
generation output sheets to assign to each of their generated options, the relevant ‘business 
usefulness’ rating score per the 3 independent raters average determined in step 2.  These two 
research assistants were IT and business study graduates, who were not aware of the specific 
research hypotheses or about the details of how the options were generated. They coded 2 
batches each of the total of 4 participants’ data sets. These research assistants were paid for this 
coding task. For each participant their individual counts of the number of options generated for 
each rating band of 1 to 4 as well as their total number of options generated were collated. 
 
I chose to focus the definition of the key Dependent Variable as the absolute number of options 
rated in the highest available rating 4 band (i.e. average ratings equal to or more than 3.5), as no 
options were rated above 4.2 post the averaging of the three independent raters. This differs from 
the approach taken by other related studies e.g. Dane, Baer et al (Dane E, 2011).where their 
dependent variable was a ratio of the average rating for all the ideas in a rating band divided by 
the total number of ideas generated.  I chose not to look at a ratio but at the absolute number of 
highest rating options generated, to avoid any potential impact of differences in the total number 
of options generated by different thinking styles on our key output measure, e.g. one may expect 
more ideas to be generated by brainstorming vs. structured thinking which would impact such a 
ratio measure. Furthermore the objective from a business outcome perspective was to look at 
which thinking style instruction gave us the highest total number of high quality i.e. high rated 
options.  
Participants’ typical thinking style preferences  
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I measured individuals’ typical thinking styles via the REI (Pacini & Epstein, 1999). Participants 
completed the entire inventory, which included 40-items measuring experiential and rational 
engagement and ability. Participants responded to each item on a scale that ranged from 1 
(definitely true of myself) to 5 (definitely not true of myself). Using an excel template for 
analyzing the responses, I  adjusted each participant’s responses for the relevant questions which 
were reverse coded (as per the instrument’s design) and then computed for each participant their 
‘R’ score as an average of their rational engagement and ability responses and an ‘E’ score as an 
average of their experiential engagement and ability responses. Per the REI instrument’s rating 
definition, the lower the score the more preferred that thinking style is for the respondent and 
vice versa. 
 
To further examine the effect analysis of thinking styles on option generation, the participants 
were categorized into 4 broad sets on analytic and intuitive thinking dimensions, as described in 
the Literature Review section above by Hodgkinson and Clarke (Hodgkinson & Clarke, 2007). 
This was done according to their REI profile patterns,: “Hi ‘R’, Lo ‘E’ ” (defined as those with 
‘R’ scores lower than or equal to 2.5 and ‘E’ greater than 2.5 );  “Hi ‘E’, Lo ‘R’ ” (defined as 
those with ‘E’ lower than or equal to 2.5 and ‘R’ greater than 2.5 );  “Hi ‘R’, Hi ‘E’ ” (defined as 
those with both ‘R’ and ‘E’ scores lower than or equal to 2.5 ) and “Lo ‘R’, Lo ‘E’ ” (defined as 
those with both ‘R’ and ‘E’ scores greater than 2.5 ). Note the cut-off point of 2.5 was chosen 
instead of 3 given that the actual R and E scores of the participants ranged only between 1 and 
3.95 for ‘E’ and 1 – 3.4 for ‘R’ scores despite the rating scale range of 1 – 5. (The R, E, options 
and conditions data are detailed in Appendix 4 and the issues in choice of the cutoff level are 
discussed further in Limitations section.) 
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Manipulation Check 
To evaluate the degree to which participants complied with their Option Generation technique 
instructions, I examined the nature of their workings and responses on their submitted hand 
written option generation output sheets. These responses were very helpful to readily confirm 
that participants had indeed applied thinking styles per their instructions e.g. the brainstorming 
set output sheets tended to list generated options in a random manner, whereas the Structured 
Thinking set outputs typically addressed the issues per that guide (e.g. value chain analyses, key 
customer unmet needs, Apple Inc’s key success factors vs. competitors and eco-system players, 
past successes etc)  and then started listing new growth options in the manner that followed those 
issues, etc. Similarly the participants in the ‘Structured Thinking + Change of Frame’ condition 
showed evidence in their working of both the above-mentioned Structured Thinking categories 
as well as of the Change of Frame instructions e.g. counter-factual reasoning, abductive logic, 
attempts to look at the issue from the perspective of others e.g. competitors etc.  
 
Results 
Range & Quality of Options Generated 
The average ratings across the three raters resulted in the options average scores ranging from a 
low of 1 to a high of 4.2 with the median rating of 2.9 and a SD of 1.0. The count of number of 
options for each rating ranges and illustrative examples of options in each rating band is 
summarized in the Table 3 below (ref Appendix 2 for details on each option set and its ratings by 
each rater): 
 
Table 3: Count of Number Options per Rating Band based on average ratings of 3 Independent Raters  
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A relatively small proportion of options were in the highest rating band, 18 out of the total of 65.  
 
Impact of ‘Option Generation Techniques on Number of High Quality Options Generated 
This analysis, as summarized in Table 4, suggests that ‘Brainstorming’ technique on average 
yields the higher number of options rated in the highest rating band of 4 (i.e. rating of 3.5 and 
above) relative to ‘Structured Thinking’ and the combined techniques i.e. ‘Brainstorming + 
Structured Thinking’ or ‘Structured Thinking + Change of Frame’. The ANOVA test (Table 5) 
shows the mean differences across these four conditions are statistically significant F (3, 87) = 
3.52, p = 0.019.  Thus Main Effect Hypothesis 1 that Participants using ‘Brainstorming’ 
stimulus generate a higher number of high quality options relative to other stimulus conditions is 
accepted. However an important caveat is that the Tukey Multiple comparisons analysis (also 
shown in Table 5) suggests that the mean result for the Brainstorming condition while 
significantly different from the mean result for the Brainstorming + Structured Thinking 
Condition (sig. value 0.037) and somewhat different from the mean result for the Structured 
Thinking + Change of Frame Condition (sig. value 0.073), but not statistically significantly 
different from the mean result for the Structured Thinking Condition (sig. value 0.207). 
 
Table 4: Effect of External Stimuli Conditions on Options Generated  
count of options examples of options in this category
count of options rated # 1 ( ie < 2) 2
semi conductor manufacturing, disposable 
clothes, customisable features on phone
count of options rated #2 (ie 1.5<= C< 2.5) 14
make IOS compatible with Android; invisible 
cloak; teleportation; Apple Musical 
Instruments
count of options rated #3 (ie 2.5<= C< 3.5) 31
iCar/ navigator/ auto traffic mgmt; virtual 
mirror/ virtual walls(change colors n patterns); 
Apple Analytics to understand user behaviors 
and purchase patterns
count of options rated #4 (ie 3.5<= C) 18
floating device for selfie; modular wearables; 
merge with google; project the screen in air or 
any surface ; Navigation for blind; medical 
devices
61 
 
 
 
The effect size (Table 6) of the external stimuli conditions, partial Eta squared is 0.114. 
 
Table 5: ANOVA Results for Main Effect Analysis of 4 External Stimuli Conditions 
options 
 Sum of Squares df Mean Square F Sig. 
Between Groups 40.79 3 13.59 3.52 .019 
Within Groups 317.26 82 3.87   
Total 358.06 85    
 
 
 
 
Multiple Comparisons of 4 External Stimuli Conditions 
Dependent Variable:   options   
Tukey HSD   
(I) group (J) group Mean Difference 
(I-J) 
Std. Error Sig. 95% Confidence Interval 
Lower Bound Upper Bound 
1 
2 1.01 .51 .207 -.33 2.36 
3 1.99
*
 .74 .037 .09 3.89 
4 1.49 .61 .073 -.09 3.08 
2 
1 -1.01 .51 .207 -2.36 .33 
3 .97 .72 .527 -.90 2.85 
4 .48 .59 .850 -1.08 2.04 
3 
1 -1.98
*
 .73 .037 -3.89 -.09 
2 -.97 .72 .527 -2.85 .90 
4 -.49 .78 .922 -2.55 1.56 
4 
1 -1.49 .61 .073 -3.08 .09 
2 -.48 .59 .850 -2.04 1.08 
3 .49 .78 .922 -1.56 2.55 
*. The mean difference is significant at the 0.05 level. 
 
Table 6 Effect size of 4 external stimuli conditions 
BS ST BS+ST ST+CF
6.8 6.1 6.0 7.7
# of options rated >=4 2.8 1.8 0.8 1.4
# in sample 28 31 10 18
instruction set
# of total options
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Tests of Between-Subjects Effects of 4 External Stimuli Conditions 
Dependent Variable:   options   
Source Type III Sum of 
Squares 
df Mean Square F Sig. Partial Eta 
Squared 
Corrected Model 40.79
a
 3 13.59 3.52 .019 .114 
Intercept 195.22 1 195.22 50.45 .000 .381 
group 40.79 3 13.59 3.52 .019 .114 
Error 317.26 82 3.86    
Total 667.00 86     
Corrected Total 358.05 85     
a. R Squared = .114 (Adjusted R Squared = .082) 
 
Effect of Individual Differences in Thinking Style Preferences 
The descriptive statistics of the distribution of R and E scores for the participants are described in 
Table 7: 
 
Table 7: Descriptive Statistics for R and E scores 
 
R E
Mean 2.09 2.66
Standard Error 0.06 0.08
Median 2.05 2.58
Mode 2.05 2.55
Standard Deviation 0.55 0.66
Sample Variance 0.30 0.43
Kurtosis -0.34 -0.44
Skewness 0.15 -0.20
Range 2.4 2.85
Minimum 1 1.1
Maximum 3.4 3.95
Count 76 76
Largest(1) 3.4 3.95
Smallest(1) 1 1.1
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The correlation (Table 8) results show participants’ ‘experiential’ engagement levels have a 
higher, more significant correlation than their ‘rational’ engagement levels to generate a higher 
number of good quality options.  
 
Table 8: Correlations of R and E on Options Generated 
 
 R E options 
R 
Pearson Correlation 1 .11 -.056 
Sig. (2-tailed)  .326 .628 
N 76 76 76 
E 
Pearson Correlation .11 1 -.37
**
 
Sig. (2-tailed) .326  .001 
N 76 76 76 
options 
Pearson Correlation -.056 -.372
**
 1 
Sig. (2-tailed) .628 .001  
N 76 76 76 
**. Correlation is significant at the 0.01 level (2-tailed). 
 
Table 9: Multiple Regression of R and E on Options Generated 
 
 
Regression Statistics
Multiple R 0.38
R Square 0.14
Adjusted R Square 0.12
Standard Error 2.01
Observations 76
ANOVA
df SS MS F Significance F
Regression 2 49.23 24.61 6.10 0.00
Residual 73 294.56 4.04
Total 75 343.79
Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%
Intercept 5.44 1.24 4.37 0.00 2.96 7.92 2.96 7.92
R -0.06 0.43 -0.14 0.89 -0.91 0.79 -0.91 0.79
E -1.23 0.36 -3.45 0.00 -1.94 -0.52 -1.94 -0.52
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In the multiple regression of R and E on options generated (Table 9) the E variable has a far 
greater coefficient with a much more significant p value than the R variable.  
 
To better understand the effect of different combinations of Hi or Lo E and R values, an attempt 
was made to categorise the participants’ R and E scores into four quadrants as per Hodgkinson 
and Clarke’s thinking styles typology (Hodgkinson & Clarke, 2007) . As no methodological 
precedent was readily available and given the skew in the range of results for E ( 1.1 to 3.95) and 
R (1  to 3.4) (as per Table 7) for a 1 – 5 rating scale; therefore I applied a slightly lower cutoff of 
greater than 2.5 as ‘Low’ engagement on either dimension of ‘R’ or ‘E’, as choosing the mid-
point 3 in the 1-5 rating scale as the cut-off would have resulted in very few data points given the 
above-mentioned skew (Fig 3). 
 
 
Figure 3: Scatter Plot of R and E with ‘Hi – Low’ Quadrants at 2.5 cutoff 
 
Figure 4, sheds further insight into the main effect of the R E variables per the above-mentioned 
quadrant categorization approach on options generated. In this sample the ‘Cognitively Versatile’ 
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participants (i.e. with both High R and High E engagement levels) on average produce the 
highest number of good quality options, while the High R, Low E participants on average 
produced the lowest number of good quality options.  
 
Figure 4: ANOVA results for Main Effect of Individual Thinking Style Preferences 
(Mean count of number of highest quality rated options) 
 
The ANOVA test (Table 10) shows the mean differences across these four thinking style 
quadrants are statistically significant F (3, 87) = 11.59, p = 0.000. However an important caveat 
is that the Tukey Multiple comparisons analysis (also shown in Table 10) suggests that the mean 
result for the Hi R Lo E quadrant while significantly different from the mean result for the Hi R 
Hi E quadrant (sig. value 0.000) and somewhat different from the mean result for the Hi E Lo R 
quadrant (sig. value 0.095), but not statistically significantly different from the mean result for 
the Lo R Lo E quadrant (sig. value 0.952) etc. 
 
Thus the main effect Hypothesis 2: Individual differences in participants’ analytic and intuitive 
thinking styles have a significant effect on the generation of higher number of good quality 
options, can also be accepted. The correlation coefficient of participants’ E scores on number of 
Hi E <=2.5
Lo E >2.5
Hi R <=2.5 Lo R  >2.5
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high quality options generated is statistically significant; and further the quadrant analysis of the 
Hi Lo combinations of R and E also shows a significant effect. 
 
The effect of this categorization of E and R into 4 quadrants of individual thinking styles on 
options generated has a partial Eta squared of 0.295 (Table 10), which is a more significant effect 
size , than the choice of external stimuli Option Generation techniques (Table 6). 
 
Table 10: Effect Size of Individual Thinking Style Preferences 
 
Between-Subjects Factors 4 
Thinking Styles Quadrants 
 N 
 
1 Hi R Lo E 42 
2 Hi E Lo R 6 
3 Hi R Hi E 22 
4. Lo R Lo E 17 
 
Tests of Between-Subjects Effects for 4 Thinking Styles Quadrants 
Dependent Variable:   options   
Source Type III Sum of 
Squares 
df Mean Square F Sig. Partial Eta 
Squared 
Corrected Model 106.89
a
 3 35.63 11.59 .000 .295 
Intercept 248.75 1 248.73 80.91 .000 .494 
groups 106.89 3 35.63 11.59 .000 .295 
Error 255.18 83 3.07    
Total 675.00 87     
Corrected Total 362.07 86     
a. R Squared = .295 (Adjusted R Squared = .270) 
 
Multiple Comparisons for 4 Thinking Styles Quadrants 
Dependent Variable:   options   
Tukey HSD   
(I) groups (J) groups Mean Difference 
(I-J) 
Std. Error Sig. 95% Confidence Interval 
Lower Bound Upper Bound 
1 
2 -1.45 .62 .095 -3.07 .17 
3 -2.02
*
 .38 .000 -3.02 -1.03 
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4 .21 .41 .952 -.85 1.28 
2 
1 1.45 .62 .095 -.17 3.07 
3 -.57 .66 .819 -2.29 1.15 
4 1.67 .67 .071 -.10 3.43 
3 
1 2.024
*
 .378 .000 1.03 3.02 
2 .571 .655 .819 -1.15 2.29 
4 2.238
*
 .462 .000 1.03 3.45 
4 
1 -.214 .407 .952 -1.28 .85 
2 -1.667 .672 .071 -3.43 .10 
3 -2.238
*
 .462 .000 -3.45 -1.03 
*. The mean difference is significant at the 0.05 level. 
 
 
 
Interaction between the two main effect variables 
There also appears to be an interesting interaction effect between the external stimuli conditions 
and the individual thinking style preferences. To analyze this further, and to address the limited 
data points for the interaction sub-sets, I combined the ‘ST+CF’ and ‘ST’ conditions into one 
‘ST’ category and excluded the ‘BS+ST’ condition’s data points from this further analysis 
resulting in 76 data points for two stimuli conditions: Brainstorming (‘BS’) and ‘Structured 
Thinking’ (i.e. the combination of ‘ST’ and ‘ST+CF’).  
 
The interaction effect analysis of R and E as continuous variables did not yield any significant 
interaction results or insights. Therefore to examine the effect of R and E (I again categorized 
them into four quadrants at a cutoff of > 2.5 as ‘Low’ engagement on either dimension of ‘R’ or 
‘E’ ) as depicted in Figure 1. (The pros and cons of this categorization approach are discussed 
further in the Limitation section). 
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There appears a statistically significant three way interaction effect between R, E (categorized at 
2.5 cut-offs) and these two ‘BS’ and ‘ST’ stimuli conditions, F(1,76) =  6.42, p= 0.014 (Table 11 
and Figure 5) . Further there is also evidence of two-way interaction effects between R and 
external stimuli conditions as well as between E and external stimuli conditions (Figure 6).  
 
Table 11: 3 way ANOVA between R, E (categorized at 2.5) and ‘BS’ ‘ST’ stimuli conditions  
Between-Subjects Factors 
  
Value Label N 
Condition 
1 Brainstorming 27 
2 Structured Thinking 49 
R 
0 Hi <= 2.5 57 
1 Low > 2.5 19 
E 
0 Hi <= 2.5 27 
1 Low >2.5 49 
  
Tests of Between-Subjects Effects for 3 way ANOVA E, R and conditions 
Dependent Variable:   NoOfOptions  
Source Type III Sum of 
Squares 
df Mean Square F Sig. Partial 
Eta 
Squared 
Corrected Model 122.26a 7 17.47 5.36 .000 .36 
Intercept 245.66 1 245.66 75.41 .000 .53 
Condition 2.24 1 2.24 .69 .410 .01 
RaCat1 .003 1 .003 .001 .977 .00 
ExpCat1 31.95 1 31.95 9.81 .003 .13 
Condition * RaCat1 4.01 1 4.01 1.23 .271 .02 
Condition * ExpCat1 6.42 1 6.40 1.97 .166 .03 
RaCat1 * ExpCat1 2.54 1 2.54 .78 .380 .01 
Condition * RaCat1 * ExpCat1 20.90 1 20.90 6.42 .014 .09 
Error 221.53 68 3.26       
Total 664.00 76         
Corrected Total 343.79 75         
a. R Squared = .356 (Adjusted R Squared = .289) 
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Figure 5: Three way interactions between R, E (categorized at 2.5) and ‘BS’ ‘ST’ Conditions 
 
Figure 6: Two way interactions for R and E (categorized at 2.5) vs. ‘BS’ ‘ST’ Conditions 
 
The three way interaction (Ref Fig 5) suggests that ‘Hi R Lo E’ participants had on average a 
higher number of high quality options under the Brainstorming condition than under the 
Hi E <=2.5
Lo E >2.5
Hi E <=2.5
Lo E >2.5
Hi R <=2.5 Hi R <=2.5Lo R  >2.5 Lo R  >2.5
Hi R <=2.5
Lo R >2.5
Hi E <=2.5
Lo E >2.5
Hi R (<=2.5) 
Lo R (>2.5) 
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Structured Thinking condition. This result also holds true for ‘Hi R Hi E’ participants; as well as 
for ‘Lo R Lo E’ participants. Whereas ‘Hi E Lo R’ participants had the opposite result i.e. on 
average a higher number of high quality options under the Structured Thinking condition 
compared to the Brainstorming condition. A key limitation is that this quadrant has a very low 
sample size of only 5 participants. However despite this afore-mentioned caveat about small 
number of Hi E Lo R quadrant sample size, the observed interaction effect finding about the 
opposite stimulus to the normal preferred thinking style showing better results, does appear 
statistically valid with a t-stat = 2.49 (> t critical two tail of 2.16), p = 0.026 for the ‘Hi R Lo E’ 
sub-set of 40 participants where those who used Brainstorming style generated on average more 
high quality options than the participants who used ‘Structured Thinking’ techniques (Ref Table 
12). 
 
Table 12: T-test for options generated by Hi R Lo E participants BS vs. ST condition 
 
 
Discussion 
This study examined the main effect of some popular Option Generation techniques and the main 
effect of individual preferences for analytic vs. intuitive thinking styles in a sample of 
BS ST
Mean 2 1
Variance 1.33 0.83
Observations 10 30
Hypothesized Mean Difference0
df 13
t Stat 2.49
P(T<=t) one-tail 0.01
t Critical one-tail 1.77
P(T<=t) two-tail 0.03
t Critical two-tail 2.16
HiR Lo E
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experienced executives to generate breakthrough strategic growth options. The specific context: 
chosen for this option generation task was to ‘generate the maximum possible number of 
breakthrough novel growth options for new products and services that can provide significant i.e. 
step change new business growth avenues for Apple Inc. beyond iPhone’. 
 
The first Main Effect Hypothesis that: Participants using ‘Brainstorming’ stimulus generate a 
higher number of high quality options relative to other stimulus conditions is accepted (albeit 
with the constraints of the Tukey multiple comparisons caveats as detailed in the Results 
section). This study’s findings about the main effect amongst the studied external stimuli Option 
Generation Techniques suggests that ‘Brainstorming’ on average yields the higher number of 
high quality/ useful options, relative to ‘Structured Thinking’ and the combined techniques i.e. 
‘Brainstorming + Structured Thinking’ or ‘Structured Thinking + Change of Frame’.  This is 
somewhat surprising, as one would have expected that the combined techniques i.e. 
Brainstorming + Structured Thinking or Structured Thinking + Change of Frame might have 
provided better results given the more complex nature of the option generation task in the given 
context.  It may be that for the latter more cognitively complex techniques to be more effective, 
requires participants to have more practice, familiarity, higher incubation period than the 1 hour 
for this study; greater participant motivation and/or domain knowledge etc. These dynamics are 
worthy of further research but beyond the scope of this study. 
 
The second main effect Hypothesis: Individual differences in participants’ analytic and intuitive 
thinking styles have a significant effect on the generation of higher number of good quality 
options, can also be accepted. The findings are: firstly, participants’ ‘experiential’ engagement 
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levels have a higher, more significant correlation than their ‘rational’ engagement levels to 
generate a higher number of good quality options. Interestingly my attempts to categorise the 
participants’ R and E scores into four quadrants per Hodgknson and Clarke’s thinking styles 
typology (Hodgkinson & Clarke, 2007) suggests that ‘Cognitively Versatile’ participants (i.e. 
with both High analytic and High intuitive engagement levels) on average produce a higher 
number of good quality options than the other three style quadrants. Thus the main effect of 
individual differences in thinking styles is significant (and per this study, statistically speaking 
this effect size is greater than the effect size of the external stimuli conditions). A small body of 
research suggests that high cognitive diversity may facilitate higher quality decision making 
Agor (Agor, 1986); Hodgkinson (Hodgkinson Gerard P, 2009), this study’s findings provide 
empirical support for the logical extension, that this also may hold true for strategic option 
generation.  
 
The above is one of the most interesting findings from this study that although the conventional 
view typically associates effective strategy formulation with conscious analytic thinking, 
however this study’s findings suggest that perhaps we need to better appreciate the role of the 
intuition end of the cognitive continuum and participants’ ‘Cognitive Versatility’ (i.e. their high 
engagement in both analytic and intuitive thinking styles) for strategic option generation. Similar 
broad conclusions are also reported by Gilkey et al based on FMRI scans of EMBA participants 
(Gilkey, Caceda, & Kilts, 2010). 
 
This study’s findings also provide some support for the overall conclusion as reported by Dane, 
Baer et al (Dane E, 2011) about the interaction effect that, using external stimuli option 
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generation techniques that require individuals to use thinking modes that are opposite to their 
normal mode of thinking style preferences, may help produce a higher number of high quality 
growth options. In this study, this interaction effect finding is statistically valid for the ‘Hi R Lo 
E participants’ sub-set where those who used Brainstorming style generated on average more 
high quality options than the participants who used ‘Structured Thinking’ techniques. Thus 
further supporting the logic put forth by Newell (Newell et al., 1962) that “individuals who find 
themselves in a situation in which nonstandard cognitive pathways are called upon may engage 
in set-breaking cognitive associations that result in elevated levels of creativity”.  However the 
generalizability of this interaction effect for the Hi E Lo R quadrant needs to be treated with 
caution given the small sample size of this sub-set and would benefit from further research 
validation.   
 
The experimental design of this study was not intended to study this interaction effect, hence the 
selection of subjects and their random allocation to conditions, without a-priori knowledge of 
their thinking style preferences resulted in a very low Hi E Lo R quadrant sub-set. In hindsight it 
shows that the choice of our sample focusing on business executives and EMBA/ MBA program 
participants was biased towards participants with a bias for analytical/ conscious thinking styles. 
This study’s participants have a very low ‘Hi E Lo R’ representation (at ~ 7% of sample) 
whereas the ‘Hi R Lo E’ are 48% of the sample and ‘Hi R Hi E’, ‘Lo R Lo E’ are 25% and 19% 
respectively.  
 
Therefore, very interestingly it may be that the above-mentioned first main effect observed in 
this study, of Brainstorming stimulus on average helping generate a higher number of high 
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quality/ useful options than the other three stimuli conditions, and may actually be driven by the 
above-mentioned interaction effect and this study’s sample distribution of individual thinking 
style preferences. In other words, given this study has a very low sample of participants with ‘Hi 
E Lo R’ representation who perform better under ‘Structured Thinking’ stimulus, whereas the 
participants in the other three quadrants that show better results under ‘Brainstorming’ stimulus 
make up 93% of this sample. This may well help explain the debate and differing main effect 
findings in a variety of related such studies albeit on creativity e.g. Dane, Baer et al (Dane E, 
2011), Garfield et al (Garfield, 2001); i.e. part of the reason for differences in findings may be 
differences in each of the study sample’s distribution of individual thinking style preferences.  
This study’s interaction effect finding is consistent with the similar overall finding by Dane, Baer 
et al (Dane E, 2011) that individuals likely generate more high quality options under the opposite 
stimulus to their preferred thinking styles. However a key methodological difference between 
this study and the Dane, Baer et al (Dane E, 2011) work is that, I also analyzed the effect of R 
and E variables by categorizing them into four quadrants Hi Hi , Hi Lo , Lo Hi and Lo Lo rather 
than only looking at their correlation/ regression effects as continuous variables. The potential 
limitations of this categorisation are discussed further in the Limitation section. Other key 
methodological differences between the two studies are summarized in table 13: 
 
Table 13: Summary of key differences between this study and Dane & Baer et al study 
Factor Dane, Baer etal study This Study 
Stimulus Analytic vs. Intuitive 
Thinking 
Brainstorming (BS) , Structured 
Thinking, (ST), BS+ST, ST+ Change of 
Frame 
75 
 
Duration for option 
generation 
~ 60 minutes ~ 10 minutes 
Study Participants Under-graduate students Exec Ed, EMBA and experienced MBA 
Sample Size 179 87 (for main effects) / 76 (for interaction 
effect) 
 
 
 
Limitations 
The key limitations of this study are described below.  
First key limitation is the relatively small sample size, especially for the interaction effect finding 
where the very small sub-set sample size for the ‘Hi E Lo R’ group of only 5 participants out of 
the sample of 76 analyzed for this interaction effect.  Further, the use of a controlled experiment 
design involving participants drawn from different batches of experienced executives 
participating in Executive Education, EMBA and MBA type programs, can raise questions about 
the external validity of the findings (Cook & Campbell, 1979). The specific context chosen for 
this option generation task was to ‘generate the maximum possible number of breakthrough 
novel growth options for new products and services that can provide significant i.e. step change 
new business growth avenues for Apple Inc. beyond iPhone’. This specific context combined 
with the use of a controlled experiment design involving participants drawn from different 
batches of experienced executives participating in Executive Education, EMBA and MBA type 
programs can raise questions about the external validity and generalizability of the findings 
(Cook & Campbell, 1979). As with all such research, the ability to generalize beyond the 
experimental context can always be questioned, especially the potential for substantial variations 
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in other relevant variables, e.g. differences in participants’ motivation levels to do the task and 
push for truly breakthrough ideas, their relevant domain knowledge etc. In my view this in 
particular is a key limitation especially for this study’s findings about the main effect amongst 
the studied external stimuli Option Generation Techniques which suggests that ‘Brainstorming’ 
on average yields the higher number of high quality/ useful options, relative to ‘Structured 
Thinking’ and the combined techniques i.e. ‘Brainstorming + Structured Thinking’ or 
‘Structured Thinking + Change of Frame’.  This finding is somewhat surprising, as one would 
have expected that the combined techniques i.e. Brainstorming + Structured Thinking or 
Structured Thinking + Change of Frame might have provided better results given the more 
complex nature of the option generation task in the given context.  It may be that for structured 
thinking and the latter more cognitively complex techniques to be more effective, requires 
participants to have more context specific domain knowledge, as per similar findings by Ning 
(Ning, 2010) and Rietzschel et al (Rietzschel, Nijstadb, & Stroebe, 2007); likewise differing 
participant motivation could also be a relevant moderating variable, as per similar findings by 
Bretschneider et al. (Bretschneider, Rajagopalan, & Leimeister, 2012 ); also it is plausible that 
practice and familiarity with the latter techniques, higher incubation period than the 1 hour for 
this study could also be relevant moderators impacting this . In other words if the participants 
were chosen with more specific domain knowledge and higher motivation to develop truly 
breakthrough options in their given business context, then it is possible that the other more 
cognitively complex techniques supported with greater participant familiarity with these 
techniques and greater incubation time, yield better results. These dynamics as further discussed 
in the Implications sections are worthy of further research. 
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Notwithstanding the above, some features of this study’s experimental design, randomized 
allocation, multiple batches of participants across various geographies and backgrounds, 
especially the use of more experienced executives, with an average work experience of 4.2 years 
for 65 of the participants and 11 years for 22 participants (SD of 1.8 and 4.8 years respectively) 
are useful to help enhance the generalizability of results at least relative to many other similar 
studies that used inexperienced under-graduate students as subjects.  
In particular, the context is designed around a very relevant and real-world issue of achieving 
next level step change growth in a context of significant success as is the case for Apple Inc 
beyond iPhone. This study also relied on highly experienced real world independent experts as 
raters of the quality of the generated options, with suitable domain expertise and willingness to 
act as raters. Using these methods, I attempted to ensure that the task was realistic. As such, I 
believe this study may benefit from a greater degree of realism than many other laboratory 
studies, thereby enhancing its relevance and generalizability to organizations.  
 
Second, the independent raters were asked to provide a single rating of the quality/ business 
usefulness of each option generated, which itself relied on several criteria (i.e., novelty, technical 
feasibility, relevance for Apple Inc to implement etc). Although this approach is consistent with 
previous related research (e.g., Dane, Baer et al 2011); however the low inter-rater reliability in 
this instance is a key limitation of this study, it is possible that variations in ratings across the 
three independent raters for some of the option sets, could have an impact on the over-all 
findings as I chose to take a simple average across the three raters. But to be practical, complex 
constructs such as this are bound to have subjective interpretations that vary and is indeed a 
practical reality representative of real business world situations, and yet it was prudent to seek 
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multiple raters rather than rely solely on one rater. To minimize the impact of rater variability, I 
did try to limit the rating scale to a 5 point scale to help attenuate ratings differences. The 
relatively small proportion of options with the highest rating (18 out of 65) as well as a 
qualitative glance at the types of options in that band shows reasonable outcomes as regards the 
rating of high quality options. The learning for future such research to better address this 
practical constraint of differing real world views about quality of ideas in contexts similar to the 
one selected for this study, would be to require more effort from the independent raters by 
instructing them to respond to a more detailed rating construct and providing them more training 
/ and feedback to perhaps help achieve higher inter-rater reliability. 
 
Third, although I followed established research techniques for manipulating the four Option 
Generation conditions (Dane, Baer et al 2011), there are limitations to this approach. It will be 
difficult to confidently ascertain whether participants did indeed follow their instructions, or 
even suitably comprehended them. Nonetheless, the manipulation check based on participants 
detailed hand-written outputs on blank paper, did suggest that participants did tend to formulate 
ideas using the specific approach to which they were assigned. Also the manipulations were 
chosen based on popularly used techniques in practice and it was easier to observe compliance of 
these instructions than the instructions of ‘thinking analytically or intuitively’ as used by (Dane, 
Baer et al 2011).  
 
Fourth, for this study I was unable to get sufficient data for the impact of prolonged incubation, 
although an attempt was made to study this variable too. Future research studies should attempt 
to examine this impact, although it is hard to design suitable experiments for this but it seems a 
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very important variable in this regard, and it may well be that the more complex Option 
Generation Techniques especially ‘Structure Thinking + Change of Frame’ require this longer 
duration and incubation. Also it is entirely likely that participants were least familiar with the 
type of thinking required in the Change of Frame condition for ‘abductive logic’ and ‘counter-
factual reasoning’ , relative to the other techniques studied. Thus it’s possible that better results 
may be obtained for this technique if participants have sufficient practice in this type of thinking. 
The relative motivation of the participants in this study could also be a significant factor, 
although randomization in the participant allocation to the conditions to some extent would help 
ameliorate this issue, but it cannot be completely ruled out, further it’s possible that this explains 
the higher results for Brainstorming in this sample, relative to the results for the cognitively more 
complex conditions such as ‘Structure Thinking’ and ‘Change of Frame’.  
 
Fifth, the subjective response nature of the REI tool has its significant limitations in comparing R 
and E scores across participants, as it is entirely possible that participants who are in reality more 
cognitively diverse but relatively more modest in their rating scales or vice-versa may be 
incorrectly classified etc. While it would be very desirable to develop more objective tests along 
these dimensions of analytic and intuitive ability, in the absence of such well tested instruments, 
I had to rely on the REI inventory as it is amongst the more popular instruments in this regard. 
 
And finally, a key related methodological limitation of the interaction effect findings of this 
study is that I analyzed the effect of R and E variables by categorizing them into four quadrants 
Hi Hi, Hi Lo, Lo Hi and Lo Lo per Hodgknson and Clarke’s thinking styles typology 
(Hodgkinson & Clarke, 2007) at a cutoff of greater than 2.5 as ‘Low’ engagement on either 
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dimension of ‘R’ or ‘E. I chose this categorization approach because the analysis of the 
correlation/ regression interaction effects of R and E as continuous variables, failed to shed 
sufficient useful insights about different combinations of Hi and Lo E and R. Although 
Hodgkinson and Clarke provide a theoretical basis for this typology, however no established 
methodology exists. Therefore the use of participants’ self rated REI scores for these two 
dimensions, converting a continuous rating scale into a categorization variable, and the choice of 
the cut-off point at 2.5 instead of 3 all have significant limitations and little precedent in the 
sparse literature in this field. However the first two choices were done with the reasoning of 
limited better alternatives to test the typology. The choice of the cut-off point of 2.5 instead of 3 
was because the actual R and E scores of the participants ranged only between 1 and 3.95 for ‘E’ 
and 1 – 3.4 for ‘R’ scores despite the instrument’s rating scale range of 1 – 5. An alternative 
approach of setting the cut-off at 50
th
 percentile levels would have had its own limitations of 
arbitrarily imposing different cut-off levels for the two dimensions, an even lower rating score 
cut-off given the skewed results and potentially mask the effects of the few participants with 
truly high engagement. It however so happens that as a coincidence the median E score is close 
to this 2.5 cutoff, whereas the median R score is closer to 2 (see Table 7 and Fig 3). Although 
conceptually the interaction effect results reported in this study would be sensitive to the choice 
of cut-off score for such a categorization and this is a key limitation to bear in mind
2
. Also the 
limited sample size of only five participants as sub-set data for the Hi E Lo R quadrant is a key 
limitation. However these two limitations do not apply to the main effect findings. 
 
                                                          
2 I also repeated the 3 way interaction effect analyses using the median R (at 2.05) and median E (at 2.5) scores as cutoff for Hi - Lo. The 
interaction effect remains the same as with the data cutoffs at 2.5 on both dimensions, although it’s statistically a little weaker, though still 
significant. The only difference this choice of lower R cutoff at 2.05 makes is it shifts more data points and the highest marginal mean from Hi R 
Hi E to Hi E Lo R quadrant. 
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Implications 
The findings and limitations of this study have a number of implications, both for research and 
for practice: 
Implications for Practice: 
First, the conventional view typically associates effective strategy formulation with conscious 
analytic thinking, whereas these results suggest that individuals’ level of intuitive engagement is 
also an important factor in high quality strategic option generation. Similar conclusions are also 
reported by Gilkey et al (Gilkey, Caceda, & Kilts, September 2010) with FMRI studies of 
EMBA participants solving strategic problems showing significantly more activity in parts of the 
brain linked with emotion and intuition, than with the rational thinking parts of their brains. 
Further this study provides some empirical evidence that participants with high ‘Cognitive 
Versatility’ i.e. ease with both intuitive and analytic thinking styles, on average produce a higher 
number of high quality/ useful growth options than other sub-sets. Both main effect findings in 
this study: the role of higher experiential/ intuitive thinking style engagement and the role of 
‘Brainstorming’ stimuli especially for participants with high analytic thinking engagement may 
have important pointers for us to better appreciate the role of the intuition end of the ‘cognitive 
continuum’ as articulated by (Hammond K. R., 1996) (Hammond, 2000)). In other words, 
perhaps these findings can provide some empirical support to the exhortations by Hodgkinson et 
al (Hodgkinson Gerard P, 2009) to extend managers’ cognitive repertoire beyond conscious 
reasoning, for strategic option generation. Which leads to the key issue of can we help 
individuals develop cognitive versatility? If so how?  
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Secondly, the potential interaction effect observed suggests a role for non-typical thinking in 
breakthrough strategic option generation. Whereas in practice, organisations tend to focus more 
on the application of different thinking tools and stimuli and less on their appropriateness in line 
with the given context or participants’ thinking style preferences.  
Implications for future Research 
I suggest four interesting research projects to build further on the findings and limitations from 
this study:  
 
A suggestion for the next study to address some of this study’s limitations would be to try and 
recruit sufficient participants from a given organization/ business context and with greater 
intrinsic motivation to generate breakthrough ideas for their business. Ideally this would enable 
an amelioration of some of the limitations of this study , as discussed above and enable:  higher 
contextual /  domain knowledge and motivation levels for the participants; as well as enable prior 
to the manipulations to ensure participants have greater practice/ familiarity especially for the 
more cognitively complex techniques e.g. ‘Change of Frame’. Further this will hopefully also 
enable a better participant response rate to study the variation in participants’ responses over a 
longer incubation / gestation timeframe than the 1 hour timeframe used in this study. Given the 
results from this study show  the ‘Brainstorming’ technique on average yields the higher number 
of quality options, which is somewhat surprising as one would have expected that the combined 
techniques i.e. Brainstorming + Structured Thinking or Structured Thinking + Change of Frame 
might have provided better results given the more complex nature of the option generation task 
in the chosen context.  Perhaps these more cognitively complex techniques require a longer 
incubation/ gestation timeframe than the 1 hour timeframe used in our study, as well as greater 
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practice/ familiarity especially for the more cognitively complex techniques such as ‘Change of 
Frame’ and ‘Structured Thinking’. Maybe this is why in practice ‘Brainstorming’ remains such a 
popular technique, as in situations of limited time-frames and limited cognitive effort perhaps it 
yields better or at least comparable results relative to the cognitively more complex techniques.  
Thus studying the role of incubation, whilst trying to control for participants’ relatively higher 
levels of domain knowledge, motivation and familiarity with external stimuli thinking tools, on 
quality of option generation would be a very useful albeit challenging area for further research; 
with interesting implications for practice for whether or not a longer incubation can help with 
more break-through options to be generated.  
 
Second study to more explicitly and rigorously research the interaction effect between external 
thinking tools and individuals’ preferences for thinking styles. As mentioned, the potential 
interaction effect observations from this study were interesting, but not part of the original 
research design, hence I had limited data for Hi E Lo R quadrant sub-set subjects, given the 
participants’ random allocation to conditions, without a-priori knowledge of their thinking style 
preferences. A future study to address this constraint should ideally measure participants’ REI 
data in advance, ensure a sufficient representation of all four quadrants for E and R, and then 
randomly assign the participants within each E R quadrant to different external stimuli and thus 
study the inter-action effect. 
 
Thirdly a research program to study techniques for how to enhance participants Cognitive 
Versatility. 
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Finally, to develop and test better tools for objectively gauging individual style preferences for 
different types of cognitive processing, as well as more objectively measuring individuals’ 
progress on their sub-conscious cognitive processing abilities over time and pre vs post certain 
interventions. This is because the prevailing commonly used research tool such as Epstein’s REI 
(Pacini & Epstein, 1999) is a subjective, self reporting measure; hence it is neither an objective 
standardized diagnostic nor one that is very helpful to measure an individual’s progress over 
time. Some preliminary illustrative ideas for potential areas to develop such objective measures 
based on adaptations of standardized psychometric tests, include : multi-cue probability tests 
(e.g. an adaptation of Iowa Gamblers’ Task or similar ) for objectively testing response times and 
accuracy for ‘hunches’; RAT (remote association tests) for response times and hit rates for 
‘insight’ solutions ; complex visual and numerical pattern matching tests for measuring post 
incubation ‘flash/ aha’ type solutions etc. 
 
Conclusion 
This study contributes to the option generation literature by assessing the main effect of some 
popular Option Generation techniques and the main effect of individual preferences for analytic 
vs. intuitive thinking styles in a sample of experienced executives to generate breakthrough 
strategic growth options. It further sheds light on some interesting interaction effects between 
these two, implying that external stimuli that encourage non-typical thinking i.e. the opposite of 
managers preferred thinking styles may be more helpful for breakthrough strategic option 
generation. 
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More broadly it provides evidence for us to better appreciate the role of the intuition end of the 
cognitive continuum spectrum i.e. to extend our cognitive repertoire beyond conscious 
reasoning, for strategic option generation; and finally some empirical evidence of a link between 
higher cognitive versatility amongst managers and better results for high quality strategic option 
generation.  
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Appendix 1: Option Generation Conditions Instructions 
 
Brainstorming
• use the next ~1-2 minutes to still your mind and relax, e.g., by taking a few 
deep breaths or simply observing the natural process of breathing and then 
spend another 2-3 minutes to generate your instant gut reactions about any 
pleasant memories (eg from your childhood )
• Generate strategic growth options for this task by brainstorming ideas that 
come to you easily and randomly. Avoid consciously evaluating or thinking 
very hard about what the “right” idea is or how it occurred to you; instead 
let the “tap flow” and allow your imagination to run as freely as you can –
simply keep generating as many ideas as you can
• Please submit your hand-written, generated options on a plain sheet of 
paper (along with any other ideas, sketches, notes etc) 
• Please also make a rough estimate of the time you spent  in brainstorming 
options
• At the end, and after you have run out of more ideas, go over all ideas and 
try to identify with an asterisk those ideas that in your view are truly useful 
and interesting for the task at hand
• Remember – avoid consciously evaluating or thinking very hard about what 
the “right” idea is or how it occurred to you when generating your options
Copyright:  Tejpavan Gandhok  
 
Strategic/ Break-through Idea 
Generation Exercise
Strategic Idea Generation Context Will be Advised during the workshop
Your Assigned Instructions for this Idea Generation Exercise:
•Please do this exercise in idea generation as an individual (ie not in a Group) and 
use your assigned thinking style 
•Your objective is to maximise the number of high quality ) ideas ( ie truly useful 
in a business context for for breakthrough growth) that you can generate in this 
exercise
•Please give the exercise your best efforts to generate useful, high quality 
optionns
• Please share your output after ~ an hour
- submit your hand-written, generated options on a plain sheet(s) of A4 paper 
(along with any other workings, sketches, notes etc) 
- Please mark your name and assigned thinking style clearly on your sheets and 
preferably scan (or photo image) and email to the nominated coordinator before 
re-joining the workshop. Please hold on to your original output sheets
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Structured Thinking
• Remember – please be sure to be as structured in your thinking as possible when 
generating your options ie try and avoid generating ideas merely at random
Copyright:  Tejpavan Gandhok
Why and How do Customers use 
Apple’s products & services ?  
and
What are their Unmet Needs 
that Apple can also serve  ?
What are the KSFs for Apple  vs.
for other key competitors ? and
What are the lessons from
Apple’s past successes and 
failures ?
How is bargaining power & value distributed in the Ecosystem (eg customers, 
suppliers, competitors, entrants, substitutes etc)  ?
Does someone capture more value than Apple along the value chains it plays in ? 
If so what can Apple do differently for growth opps ?
Do Environment Dynamics provide new growth opps (eg technology, regulatory, 
demographics, consumer preference shifts etc) ?
Beyond existing Boundaries: What can Apple leverage to serve new customers 
and/or industries ?
What breakthroughs from other contexts can Apple apply to grow within its 
existing customers and/or industries ? 
 
 
BS + ST Condition – both Brainstorming and the Structured Thinking Instructions 
 
ST + CF Condition – both Structured Thinking and the Change of Frame Instructions 
Change of Frame
• Use  both the structured thinking questions and the “Change of Frame” tools 
below
Copyright:  Tejpavan Gandhok
Re-imagine the Present/ Past:  What if 
something that actually happened in 
present/ past did not occur ?
eg what if a competitor had instead 
been a complementer;  if Apple had 
done X instead of Y,  if Steve Jobs were 
still alive…etc
Imagine the Future
Unbundle Constraints
eg technology breakthroughs, new 
behaviours , cost, access, infrastructure 
etc 
Analogies from other Industries/ 
situations: 
eg co-opetition; leapfrog; 
gamechanging; extending dominance etc
Leaps of Logic: 
Think of unusual/ interesting causal 
explanations for observations
Look at it from different Perspectives: 
eg put yourself in the shoes of Apple’s competitor and think what would they do for 
new growth opps etc (repeat for other competitors, key partners etc)
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Appendix 2: Independent Raters Instructions and Their Ratings of Options 
Dear Rater - Please use the following 1-5 rating scale to rate the  ' 
business usefulness' of each of the options listed below. Please 
note the objective is to rate options based on whether they 
provide strategic, breakthrough business growth for Apple Inc 
beyond the iPhone. In rating the 'business usefulness' of each 
option for this specific objective, please consider in particular the 
following aspects: a) how novel/differentiated is the option from 
existing competitor/ market place offerings? b) to what extent 
does the option broadly seem technically feasible? (as opposed to 
in the realms of wild imagination); c) to what extent does the 
option broadly fit with Apple Inc's key success factors and 
organisational skill sets, i.e. is this something Apple Inc can 
successfully do ? A high score should be reserved for those 
options that satisfy all three aspects.     PS: you can use decimal 
levels i.e. intermediate rating scores within the 1-5 scale e.g. 3.5,  
2.2 etc if u wish, but not less than 1 or more than 5.           
  
          
 
Rating Scale 
     Very Low 'business usefulness' 1 
     Low 'business usefulness' 2 
     Medium 'business usefulness' 3 
     High 'business usefulness' 4 
     Very High 'business usefulness' 5 
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RATER 1  
Rater
2  
Rater 
3  
Mean  
of 3 
raters   
stdev 
of 3 
rater
s 
List of Growth Ideas for Apple Inc beyond 
iPhone 
Your Rating ( on the 
1-5 scale as per 
above)           
semi conductor manufacturing 1 1 1 1.0   0.0 
disposable clothes 2 1 1 1.3   0.2 
customisable colour, features etc 1 2 2 1.7   0.2 
•Invisible cloak 2 1 2.5 1.8   0.8 
encryption technology for data security 2 2 2 2.0   0.0 
make IOS compatible with Android 2 2 2 2.0   0.0 
Apple Design & Innovation courses 2 2 2 2.0   0.0 
•Telepathy Device  2 1 3 2.0   1.0 
•teleportation - replicate my presence 
remotely/  virtual presence/3D device + 
gestures+ voice/ 3D projector 2 1 3 2.0   1.0 
•detect extra-terrestrial signals  2 1 3 2.0   1.0 
smart bag (it carries all the data no need 
for book or laptop) 2 2 2 2.0   0.0 
Apple musical instruments 2 2 2 2.0   0.0 
Monthly financial planner 4 1 2 2.3   0.7 
3D printer 2 1 4 2.3   1.5 
iPen (different fonts, colors, highlight on 
use of switches) 2 2 3 2.3   0.5 
•OS & software  services 3 2 2 2.3   0.2 
Provide phone as bank/ card/ fin services 3 2 2.5 2.5   0.3 
•Smoke / heat detector/ alarm 3 1 3.5 2.5   1.3 
•Baby monitor – time to feed, time to 
sleep etc 2 2 3.5 2.5   0.8 
•Foldable/ stretchable screen 3 2 2.5 2.5   0.3 
•Mind reader/ predict future behavior/ 
mood sensor/ lie detector   2 3 2.5   0.5 
wireless/ solar/ self charging 3 2 3 2.7   0.5 
•Time machine 4 1 3 2.7   1.1 
•Garbage instant vanish 3 1 4 2.7   1.5 
•Dream translator into animation/ real 
movie without shooting it 3 1 4 2.7   1.5 
•iRelaxer – set combo of parameters to 
relax me 2 2 4 2.7   1.0 
•Theme Park / Hotel/ make Movies 3 2 3 2.7   0.5 
•5 senses: smell + taste+ touch 3 2 3 2.7   0.5 
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•iCar/ navigator/ auto traffic mgmt 3 2 3.5 2.8   0.8 
Shell to protect from environment – 
fresh/ cool air, dust free 3 1 4.5 2.8   1.8 
Write on screen like black-board 3 3 3 3.0   0.0 
Language translator 4 2 3 3.0   0.6 
•Personal trainer/ calorie monitor 3 2 4 3.0   1.0 
•Bundles for B2B /e.g.  predictive analysis 
for earthquakes, hurricanes 3 2 4 3.0   1.0 
•Device to Convert  sea water to 
potable 4 1 4 3.0   1.5 
•Device to generate instant energy 
from sun/ wind/trees etc 4 1 4 3.0   1.5 
•Device to see thru opaque bodies to 
scan for heat, metal/ danger etc 3 3 3 3.0   0.0 
•Full Nutrition/ meal in 1 min 4 1 4 3.0   1.5 
•Virtual Friend (like in movie "Her") / 
iRobot/ virtual pet 3 3 3 3.0   0.0 
•Virtual reality/ iremember  3 3 3.5 3.2   0.3 
Apple equivalent of watsapp/ BBM 3.5 3 3 3.2   0.1 
use for Car key/ keyless entry 4 2 4 3.3   1.0 
•iHome/ energy mgmt/ ifridge/ iProtect 4 2 4 3.3   1.0 
virtual mirror/ virtual walls(change colors 
n patterns) 3.5 3 3.5 3.3   0.3 
cloud based organiser, personal secretary 3 3.5 3.5 3.3   0.1 
Apple Analytics to understand user 
behaviors and purchase patterns 4 3 3 3.3   0.2 
•Virtual brain to solve my problems 3 4 3 3.3   0.5 
Phablets/ E-books/ games/ movies on 
iTunes  3 3 4.5 3.5   0.8 
voice controlled single point organiser for 
all home appliances 4 3 3.5 3.5   0.3 
floating device for selfie/ motion sensor 
to click photos or videos on iphone 4 3 3.5 3.5   0.3 
external optic keypad for iphone 3.5 4 3 3.5   0.5 
Artificial Intelligence 4 3 3.5 3.5   0.3 
•Detect food/ water toxicity 4 2 4.5 3.5   1.3 
wearable devices/ modular 
wearables/safety bands/ women’s device/ 
iring 3 4 4 3.7   0.2 
• project the screen in air or any surface 
i.e. size of phone issue goes away  3 4 4 3.7   0.2 
•Brain+ Device/ iChip implant in the brain 4 4 3 3.7   0.5 
• Individual flying machine instead of 
driverless car/ drone/ iron man type suit 3 4 4 3.7   0.2 
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•Defense / hi-tech gadgets  3 4 4 3.7   0.2 
Cctv on phone 4 3 4.5 3.8   0.8 
•Innovative ways of provide wifi/ 
bandwidth/ works in no network areas 3 4 4.5 3.8   0.3 
•Merge with Google  4 5 2.5 3.8   1.3 
• iTV/ iPlay  3 5 4 4.0   0.6 
•Medical device  4 4 4 4.0   0.0 
•iIdentity & iEducation - becomes the 
primary social security and education etc 
linkage 4 4 4 4.0   0.0 
•Navigation for blind 4 4 4.5 4.2   0.3 
overall sample of options 
   
2.9 
 
1.0 
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Appendix-3) REI Instrument 
Please use the following scale to rate all items below. 
Definitely true of 
myself 
Somewhat true of 
myself 
Neither true nor 
not true of myself 
Somewhat not 
true of myself 
Definitely not true 
of myself 
1 2 3 4 5 
 
I try to avoid situations that require thinking in depth about 
something. 
1 2 3 4 5 
I’m not that good at figuring out complicated problems. 1 2 3 4 5 
I enjoy intellectual challenges. 1 2 3 4 5 
I am not very good at solving problems that require careful 
logical analysis. 
1 2 3 4 5 
I don’t like to have to do a lot of thinking. 1 2 3 4 5 
I enjoy solving problems that require hard thinking. 1 2 3 4 5 
Thinking is not my idea of an enjoyable activity. 1 2 3 4 5 
I am not a very analytical thinker. 1 2 3 4 5 
Reasoning things out carefully is not one of my strong points. 1 2 3 4 5 
I prefer complex problems to simple problems. 1 2 3 4 5 
Thinking hard and for a long time about something gives me little 
satisfaction. 
1 2 3 4 5 
I don’t reason well under pressure. 1 2 3 4 5 
I am much better at figuring things out logically than most 
people. 
1 2 3 4 5 
I have a logical mind. 1 2 3 4 5 
I enjoy thinking in abstract terms. 1 2 3 4 5 
I have no problem thinking things through carefully. 1 2 3 4 5 
Using logic usually works out well for me in figuring out 
problems in my life. 
1 2 3 4 5 
Knowing the answer without having to understand the reasoning 
behind it is good enough for me. 
1 2 3 4 5 
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I usually have clear, explainable reasons for my decisions. 1 2 3 4 5 
Learning new ways to think would be very appealing to me. 1 2 3 4 5 
I like to rely on my intuitive impressions. 1 2 3 4 5 
I don’t have a very good sense of intuition. 1 2 3 4 5 
Using my gut feeling usually works well for me in figuring out 
problems in my life. 
1 2 3 4 5 
I believe in trusting my hunches. 1 2 3 4 5 
Intuition can be a very useful way to solve problems. 1 2 3 4 5 
I often go by my instincts when deciding on a course of action. 1 2 3 4 5 
I trust my initial feelings about people. 1 2 3 4 5 
 
 
The REI (continued) 
Please use the following scale to rate all items below. 
Definitely true of 
myself 
Somewhat true of 
myself 
Neither true nor 
not true of myself 
Somewhat not 
true of myself 
Definitely not true 
of myself 
1 2 3 4 5 
 
 
When it comes to trusting people, I can usually rely on my gut 
feelings. 
1 2 3 4 5 
If I were to rely on my gut feelings, I would often make mistakes. 1 2 3 4 5 
I don’t like situations in which I have to rely on intuition. 1 2 3 4 5 
I think there are times when one should rely on one’s intuition. 1 2 3 4 5 
I think it is foolish to make important decisions based on 
feelings. 
1 2 3 4 5 
I don’t think it is a good idea to rely on one’s intuition for 
important decisions. 
1 2 3 4 5 
I generally don’t depend on my feelings to help me make 
decisions. 
1 2 3 4 5 
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I hardly ever go wrong when I listen to my deepest gut feelings 
to find an answer. 
1 2 3 4 5 
I would not want to depend on anyone who described himself or 
herself as intuitive. 
1 2 3 4 5 
My snap judgments are probably not as good as most people’s. 1 2 3 4 5 
I tend to use my heart as a guide for my actions. 1 2 3 4 5 
I can usually feel when a person is right or wrong, even if I can’t 
explain how I know. 
1 2 3 4 5 
I suspect my hunches are inaccurate as often as they are 
accurate. 
1 2 3 4 5 
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Appendix 4: R E, Conditions and Options Data  
Conditions Effect Data 
Sub-set detailed data sets - count of 
options rated 4 
  
  
  
BS ST BS+ST ST+CF 
1 1 1 1 
3 1 1 0 
5 1 1 0 
4 0 0 4 
2 0 1 4 
2 5 1 1 
2 0 2 1 
1 6 1 0 
13 2 0 0 
3 1 0 1 
6 3   1 
3 1   0 
3 1   1 
2 2   6 
2 1   1 
1 0   1 
1 3   0 
1 0     
2 4     
2 1     
2 0     
3 2     
5 1     
3 4     
3 1   4 
3 4     
0 1     
0 1     
  7     
  0     
  1     
2.8 1.8 0.8 1.4 
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Interaction Effect Data 
Group 1 = Brainstorming; Group 2 = ST ( i.e. ST and ST+CF) 
Data for 
SPSS         
   case group R E Options 
   1 1 1 1.1 3 BS 
  2 1 2.1 2.2 3 
   3 1 2.4 2.95 0 
   4 1 1.6 3 0 
   5 2 2.1 2.6 1 ST 
  6 2 1.9 1.9 4 
   7 2 1.6 2.3 1 
   8 2 1.8 1.1 1 
   9 2 2.3 1.8 7 
   10 2 2.9 3.1 0 
   11 2 2.3 1.9 1 
   12 2 2.4 2.95 4 ST+CF 
  13 1 1.8 2.8 1 BS 
  14 1 2.2 2.3 13 
   15 1 2.6 3.4 3 
   16 1 2.3 2.3 6 
   17 1 3.2 3.3 3 
   18 2 2.2 3.8 0 ST 
  19 2 1 2.4 6 
   20 2 2 3.3 2 
   21 2 2.3 2.9 1 
   22 2 1.5 2.1 4 ST+CF 
  23 1 3.4 1.9 1 BS 
  24 1 2.6 1.6 3 
   25 1 2 2.55 5 
   26 1 1 1.7 4 
   27 1 2.3 2.6 2 
   28 1 2.0 2 2 
   29 1 1.4 2.5 2 
   30 2 1.4 2.5 1 ST 
  31 2 2.8 2.8 1 
   32 2 2.7 3.2 1 
   33 2 2.5 3.2 0 
   34 2 3.0 3.3 0 
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35 2 3.0 2.3 5 
   36 2 1.4 2.4 1 ST+CF 
  37 2 2.9 2.6 0 
   38 2 2.3 2.6 0 
   39 2 2.8 1.9 4 
   40 1 1.7 3.6 2 BS 
  41 1 2.1 3.35 2 
   42 1 1.25 3.15 1 
   43 1 2.55 1.5 2 
   44 1 1.15 2.55 1 
   45 1 1.95 3.85 2 
   46 1 1.55 3.85 1 
   47 1 2.1 3.3 2 
   48 1 2.4 2.15 3 
   49 1 1.85 1.5 5 
   50 1 1.55 2.15 3 
   51 2 1.65 2.65 3 ST 
  52 2 1.95 3.55 1 
   53 2 1.85 2.55 1 
   54 2 1.7 2.6 2 
   55 2 3.05 3 1 
   56 2 2.6 2.8 0 
   57 2 2.35 2.5 3 
   58 2 1.8 2.65 0 
   59 2 2.05 2.3 1 
   60 2 2 2.15 0 
   61 2 2 2.35 4 
   62 2 2.85 3 2 
   63 2 1.95 3.4 1 
   64 2 2.55 3.05 4 
   65 2 2.7 2.5 1 (ST+CF) 
66 2 1.55 3.1 1 
   67 2 1.45 2.95 0 
   68 2 2.05 3 0 
   69 2 1.95 3.05 1 
   70 2 1.8 3.95 1 
   71 2 2.05 3.35 0 
   72 2 2.05 3.1 1 
   73 2 2.05 2.1 6 
   74 2 1.55 3.6 1 
   75 2 2.05 1.75 1 
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76 2 3.2 3.55 0 
    
 
